(1 

^2978477-^ 

(24)9«B ¥^11^(1999) 9 ^lOB 



F I 

H 0 1 L 27/10 4 3 4 

29/78 3 7 1 



m^m<oma(± 33 h> 



(21)U1BS»^ 


4$B7I0-16S733 


asmtff^ 


000005108 








Di^^Bimf^ 


(22)d]HB 


YJEK10^(1998)6^12B 
















¥«10^(1998)6;912B 


















(72)$en« 










3tOCCa5/>¥ifr±**«rHTB20S 1 ^ 














(72)«9i« 


HH St— 








«jR«/J>VW±**l»rHTB20S 1 ^t 














(74)ftaA 










iElIj m 











(S4) ¥«f»^[iI»«a«J:rf^<oiei;&& 



(19)B*S»l^rt' (JP) (12) Jj^ ^ #(B1) 

(45)«ffB ¥jfacll#(1999)11^15B 



(51) Intel.' iKPiga^ 
HOIL 27/115 
21/8247 
29/788 
29/792 



1 

(67) mnn^nvim] 

T, 

1 mit -> y => SYk y = >mis xt^fS2mt 
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a^^l^^tliMl S FETlCioT^S^+SW^^y-fe 

i)mimit->v =»^^. s{k>y =>>'misxtj(m2mit 



(2) 

3 

ii^mf^mm t misib 2 i¥^mi^mi& t<ofsnz^ x^^^^ 

^m^^n^Ml S FETl;iJ:oT'F»%ttrop<-=ey-fe 

•>v=- mt'> V => >i!Misxxj^m 2 K^k-v y = 10 
t^mmmi^tamm i Sf'fb-v y => y => -^mts 

[Iil*^6j gi*^l~5«^^-fi^*»-3K(wl2«l^ro¥ 

^ 1 iSf^m-wm^m t wism 2 ¥-^i*:®is!efiii t mi\tm 30 

n 1 ^mwmmmio j; trstusn 2 ^m^rn'mmttK sais 
m 1 SE'fbv^ y = s^bv' y = >mm:tifi 2 K^bv' 
y => i'K^aS Lfc 3 ^ tOitel^;J» e. >i 5 r t t 

[8**^8] 8f*^l. 3s 4. 5, 6*fctt7|B« 
y dVHtf' teles' h^ti^tj' hn vSraALTtT5ci:<Sr 

[SI*«iol W*^i~9<ov'>-fix*»— «j;ilE«Sw so 
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f:.m2mmM(o^mwm.mtt^hu<o . sfnem 1 ^^^f* 

mm-±. ^2^^M-C«fig$t^.-Cl/^5Ct^#^^i[i:•r•5 

tm*^ 1 1 1 m-^m 1 ~ 1 0 >-f tLA»-3Si^i2« 
a ^lESB 1 ^m^mm^m^m 2 j; 9 

So 

(itjji^ 12] 1 ~ 1 0 <ov ^-f tt*^-3® »c:lE« 

t i^mfillw L-Cff pit ^r^jftt -r-S ^^»:*SIelSS^ 
S. 

[St*^ 1 3 1 If *^ 1 ~ 1 2 ^-f tV7!i^-^l:i|E4!c 

1, IS2*^»<*:®«erote;tFCQJigi50«Iiaif&ikMlwjgfig$ 
ixfcm2S5igg7LI=:a«>)i*nfcr9^^*:ft-LX, fltllB^ 
1, ^2W^m^{i^m^<nm:>3\^t:ty vmiii^i&m.^tix\<^i> 

■Cfco-C. «tlE||lS«i!7L*JJ:tJ«SftlBm2gfi|«7Ltts flft 

lEM I s FETfoy— f-misco^'<—;^icM urges 

Bo 

IfijR^S 1 5 1 fS^iS 1 ~ 1 4 (75^,^-f n*^-:^ir|E« 
<D¥^^«s:*SllH]aS^B-C*)oX, fltria;<*y-fe/K4. IE 

S F E T t -C-fllfiK S n-C V ^ 5 i t Sr 1^ i: -f- S ijtaifls^ 

[|«*3S16] S»*^l~9, 1 1 ~1 50V>-fix*» 

-3RiwSB«oij£3>«c^aiaiBS3SB-cfeoT, m^m^^ 

(a) ^m^&^±.\:Lm2mit\yv ='i^mi:Wo^\^fc 

y^^— nv^-rSwtJcj:?), MI SFEXroy— 
( c ) ^lEH 4 SE^bv y = vflsfo- X t/saiEM 2 ^^b-> y 

='>m%:^y^''^i^-ti>:itlzxo. MIEMisfet 
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(d) m^m2mt'y'J =^:ym:^^:>5m^^y^i^^ir 
-fr. mriay- hms<^TS5o^2«i«ciciov^T. Mian 

2i|^2S(*:ai«o^jKig»«jsj: ^hi&<i-^zt ^^mt 
im^m 1 9 ] ff^^^ i 7^tcni 8t ^m.(Dmmim. 

SlHl8Si^gC0®^it:^fiT*fooT. mlISM I S FETfi^ 
^ y ^i22I113S<^«l^-r 6M I S F E 

F E T o y- h iteig^K^. ffiriam 2 mt y >fK^?i^ 
fijc-r 6 Jimxm^ :^ti^zt^¥fmt't^ ^mit^mmm 30 

[0001] 

m.n<Dwmmmt ltc^-m i s f e rmmco^m^i^ 
^^v ^^'r^^mwmm\3i^mmimmLxmm^£& 

[0 0 0 2] 

mmmtmiti^v ='>^mtmiti^v =i>mt(oimmmx 

Srm^<0^a^igc«b-r5MN0S (Metal-gate Nitride 
Oxide Silicon)§i<iriC>cSU$n'5o 
[000 31 ia52«. 37 13-7-^ f.^p(^y 50 
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y ir/wi. v- y vsffi 1 0 1 <D^m±{zm^^titim 

/i-y-h (CG) 1 0 5Srli|I2>:fl^^U. ya-y^^i^^ 

h 1 0 3(^^fiij<?D*>y 0 1 tciy— >^ 

(S) 1 0 e^b^JiU^Kt-^rv (D) 1074:fl^fi8L^« 

[0 0 0 41 P«^y -fe/WOS^ii^^ft, 70— V-^ 
h 1 0 34^lcmT-l 0 S^^AL. n>^ hn— yl^y 

- h 1 0 5;!i^6M.7t h^V'i^^iJ'tOLtl/Mfillim (Vt 
h) *m^l 0 8^0Sa^^)/^V^^*ffi^;llt®LT3 V-S 

h 1 0 3--.<^m^l 0 SOiiAH. T/<^Vv- 
oi • y^V--:^^^'>>^tCj:oT^iti-^> KI>'><>'1 0 7ifi 
^<D^y h^U^ hn^^^za^- [.o— yV^— h 1 0 5tr 
Pn*PLfcIEm/El-cto-C:7n— r>f h 1 0 3-^ 

[0 0 0 5] — 0 5 3(:i, MNOS®p<^y ir/H7> 

msL<om,^ h ^^^y^s&^bK 112 CO jiSFisidSfb V y =1 V 

Kl 1 3*3J:t/*#iZ.J^/m'*ffi<oy-h«ffi (PE 

G) 115a mm^mf&^n. vmM 1 1 5 a <dw 
ffiijcov-y ^vSSi 1 1 ;cy->^ (s) ii6:ioj:t/s 
jRlSfifcS ( K ix-r 117 ;dS?^fig$ixfcM I S F E T 

(lEtg^^gP) y-hgf'fbimi 1 8 (7) JiSlilCiMS^ffi 

oy-hmeg(sG) 1 1 5 bid^j^^^H. ^- hms 
115b (T^MiftjcD v- y =r :/sts 111 JciS^MHSSkS (y 

— 1 1 74t3ctTJ^ KU-r V (D) 1 1 9?5S?i^fifc$nfci 
jIS^^M I S FET<tX-fl|^$^^XV^5o 

[0 0 0 6] ;^^y "fe>'W<^«%iZr^«. >^y='>StRl 

1 i4b-J:r/»#ji^/tH*ffl*^y- h«ffii 1 5a<75m 

111 ffi?j;i^ib^it:v^ y =^ >m 113 ^'--m^ 1 0 

^fi5C0M I S FETC0L^V>ffimm^-b*$ii:TtT5o 
^c. m^fetl^^lci. '>y=i>StSl 1 i*3J:TJ^y-hm 
S 1 1 5 a (nwSL^um s^bi^ y =1 VJS 1 1 3 ^t'tC 

h7 5/>^^-fr/cim^^'>y ^^'Sffii 1 \ m^Wi^^^ 

:icbl;iJ:«9. lEtg^T-^tOMI S FET(7)L#V>ffimJE 

i|Sc^X<gT^-fr'5^7:JX% S!^mL4:tT5fcA6lcf^|Etit^ 
^SfI5(7)M I S F E Ti^^iwStrlE L)t3gRfflM I S F E T 

[0 0 0 7] ±l5MNOSS^^y-tryHl. I&m^ 

fbv-y =^ vflii 1 3) h7 5/>^^i^^itjf^::^ 

^c:L$l^ffl[mjE<^^gB3tc*^bxv^6o "^(oti^, mm 
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[00 0 8] (a 5 4 *S«^fl^ (U S P) IB 5 4 0 8 

1 1 5-^lc:|E®$^. "Self-Aligned Split-Gate EEPR 
OM Device" i:^#ttbny^ciryw«it^^i~8fr®ia-C*5 
5o r(0>^y-fe/^fl. '>y =ii^SjEl 2 1 (7)±®±tC 
hK^b^l 2 2:fcJ:U«il^ffi>>'- hmi^ (SG) 1 

4. ^{bv-y ^-^^flli 2 siJjzt/K-fkv^y znvaii 2 e 

m (swG) 1 2 r^^j^^Lrc^ittr/jjori^-So ^ 
fc. y— ;^ (s) 1 2 811. c601^-< K-J^;*-— /uy— h 

Sfli (SWG) 1 2 7i:^:^^ t-Th-f^i^W-Mz^*) 

m^^h.. vi-^i^ (D) 12 911. mmm^m^-b 

[0 0 0 91 P<^y-fe/^<^*#i^^Jl. "1997 Symposi 
um on VLSI Technology Digest ofTechnical Papers p6 

L. y->^ 12 8. ih>f K^>;i--yi-y- bmm 

[0 0 1 01 ins 5fl. J:l2>^y-fe/UOS#5i;t^Wjf^ 

a#(c:K5 It 5 ^ ^ ^/\-mm(om{t[.^^ t m^^m^^ t ^ 

:^LTV^-5o y->^ (S) -KU-O- (D) PplldSlJilD^ 
H/cmJE (5V) Jl. ^<7)>ci»^;$sy — (s) (D^^S 

fcm^mmni)-^ K!^^-/K/- hmei (swg) 

Ti-*5i^Tft:^{ii[^/.e6o 't<Dfz.}t^ Ki^-rv (d) j^i^ 
<b^ir4^/v^«c--3fefi^LT^;tS^H. y-^ (S) ifi 

>';55f-^ K!?;*—/^^-- hmffi (SWG) »C J: -SJKZ^^r^ 

(D^nM\z^-^xm.vc'y') ^^^m (125) ^ciaA. 

(SWG) (DiETt^S^kv-y =i:/Bg (1 25) \z.nF^t'^ 
(SWG) ;5^e>l.}^cL#v>ffim£E;0S±#^6. ^OtM^/ 

[00 11] ^7t. ±ie>-=E-y iryK7)gg;^aLfi. y— 
^ (12 8) ^jgifemffitL, •y->r K -/u^- hffi 

<^ (1 2 7) ^bm^y-hmH (12 3) ^ICl. 8 
VcomJE$rHl;«JDL. ^{L'Vy^Vi^ (12 5) "^co^^ 
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(12 5) (nmy(r>m\L'y^) ^i^m (124) 

SrStrai LfcMNO SM^ ^ y ir^KDlEl^ h >'^>'V'g5ik:M 
J; t) (fi?«Jxfi 1 OnmSS) -C^^^fiLXtSt 

i^^it>!i;05^^t;L/cfV\ ^fc. coK^ki/y Vfli (1 

2 4) 4:m^^M-\z.'t^\^^x^^mt^w.^>\^. 

10 [0012] IEEE Electron Devic 
e Lett,, (vol. EDL-8. no, 3, pp. 93-95» March 1987) 
11, =1^^ hu-yuy— h^^^pyc:/^l/^^— M I S FET« 
jg<^^»^14;^^y ^l5§:^LTV^€)o wC0^»^i4>^ 

y <?D;^^y-tr/m. hte;^flico±gRic?i^^$nyh#& 
j^fav-y =1 v<7>>/- Kmii<i:\ ct^^-y— hmscof^nijo 

i|^*ft:SStc?g^$n:/ty->^. KWvt-efll^^n 

[00131 ^ ^ y j^^d. K 

20 ^^ri-y -^^^^kv- y :=i>^^4i|-aA. h7 iX7^$-fr5C 
<blc:J:oTfT^o r(7);^^y-te:yWl. 2 Jlco®&>ffe:v^ y = 

ifi«So»v^ffl«t^c^^■r'5)t4^>^w. MNoss^^y-t 

[0 0 14] m^^^-2 3 2 4 1 6-^<25r#gJl. y->^ 
M I S F E T«ag(7)^«^i4^ ^ y 

30 ^^.i^UTv>5c 'Z- hitei&^«K^b'>y ^^r^^T-Wi* 

y ='>IS^J*A.fc3g«3gT-«fiK$nXV^'5o 

[0 0 1 5] ^^y •fe/uosti^^t^ii. h^s/>^mco- 
^Rj^^^f^-rsT^tT^^^kv-y =^ ^-fli ( hv^/^^ib)!!) 

;><>hM I sFET(^y- h te.^^ct ^ y •^^^^l^■r 
40 [0016] 

Cln^-hp-yuy- h (!7-Kie) irmM-t i> Z t fi^ 

Sikl-iSLfc-fe/^IPI]© or V^5o — MNOSS 
;/^y-tym. y'n— >i/>>'— hM;^^y ir^Kwit 

:^^x^^tn^^rK ^mm^^tm^mt{z2-D<D 
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So 

10 0 17] *fc. ^m^n (USP) ^540811 

ii^^y- ^m^^i:-t^-r K^:^--/v-y-h 
FpI. -r/^i^^g^^bv-y (1 2 4) , miti^v=^> 

Iffi (1 2 5) ^XXfmit'>V ='>m (12 6) ;5S«^r6l 
lO 0 1 8] :*:^0^coeWti. :7 v^/y- hg! 

[0 0 191 :^^m<^Mm^j:(bmz^(Dm(Dn&^t^m 

[0020] 30 

[ 0 0 2 1 1 :^nmm(Dy^w^\^:^ ^ y i^. m\ mmm 
1. m2^mwmmtm^-^fh. m^^x^m^m^t 

M I S FET«c:J:o"C^JS^ttC0>^y ■feyl';d5p^$tl 40 

m 2 Kffc;-> y =1 >K«rae 3 ji oite^^T^^ ^ <c 60 

lO 0 2 2] ^|E;^^y i^^Lfc;^ 
^ y ir/UcoMISM 2 4^#(^«i«4rtfrl2^ 1 ^^f*:ffl*S J: . 

[0 0 2 3] *:Mi-IE«$tt7t^0>^COm^^^ 
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[0 0 2 4] 1. mimmM(o^mv^mwL±^\:iw^i&^fi 
m^mt^^ 1 K^b-v y s^b y 3 ^ym^xx^m 

[0 0 2 5] 2. ii^^{*SS_LlCJi^fig:^tlfc:>>'~ hitei^ 
^2^mM(7)||l. S2^#^SS4;55jf^^$tL. mrlEM 

1 ^^mf^mm t mts,m 2 ^^mt^mm t<Dm\:i^^^^^m 

m^m^^fi^M I s FETt;::«to-c^»%'tt<?D;^^y 

'tJi^r-m^^titc.^^mi^Mmj^&'^mxh^x. stfiEy 
mtiy y =3 mti^ y =^ j: i/b 2 miti^ y 

[0 0 2 6] 3. ^mwm^±\^mf&^titzy-\^mm 

»2aSmS!(0»l. »2i|£»fls:ffli«;d5?^^$tL. MfB^ 

1 ^mwmmtmw.m 2 i^^f*:®igc<h oralis ^-^^^^^ 

ttc;ii>Ji^fiSi$ixSM I SFETtrJ:oX^»^14<^p<^y 

- h^fe^^fliii . ttriEU 1 ^m^i^mmmf}m 1 se^b >- y 

^>fb'>y =»>'flI*iJ:t5m2g&{bv^y ^^^m^aJi 

Bo 

[0 0 2 7] 4. ^ieif*^l *fcti 3 lcidv^.x. mfI2 

o^*fiifeSjs«, miB»2i»t»(*®«cos9ffiy- hms 

[0 0 2 8] 5. SaieSjR^l. 2*^tt4^w:fel^T. 
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[0 0 2 9] 6. ffllEffl*:^! -5cr)V>-riX7&^— ^JC:*3 

urn 2 ^^mi^mmm t ^-mm cm^^mmmm^^ u 

[0 0 3 0] 7. ^ISIi^^K 2. 4. 5^fcli6(C 10 

X tj^m^m 2 mmi^mmmi>^ . m^m i ^{i: > v 

[0 0 3 1] 8. ffirl5lS*3lK 3. 4. 5. 6*^cJi 

mm^mmo 20 
[0 0 3 2] 9. mmm^mi'--s(Di^-rM^—m\^i^ 

is3S<^ite«iK<^5^. mmm^tiyv ='iym(orm\z.m 

[0 0 3 3] 10. mmm^^i--9(D\,^i^M>—m\^ 

-mtm^^- hmMii^hm^L.fz.m2mmM(D^^m^w- 30 
mmtt^h^jir). mn^i^mi^mmt,. m2mmmx* 

[0 0 34] 11. W^ggjft^ 1 1 0 (?^V^•rtt/l^— « 

[0 0 3 5] 12. m^mi^^i-'i o(o\^^-rM^—'^ 

[0 0 3 6] 13. m^m^^l--\ 2<D\i^irM^—'^ 
|c4oV^T> Sftismi. M2^^*t:^ii§!c(D-Sro_tg{500;^ 

^X:y-:^mtm^^f\^. tfriaMl. m2^^<*:M«t^ 

[0 0 3 7] 1 4. wiesfjJtJii 3^;liov^T. ffliam 
S&j|ffi7L*5ctt/ffiriam2»jK?Ltt. ffiiaM i s f e T<oy so 
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[0 0 3 8] 15. 1-14 C0V^-f ^|:z;ib^ 

[0 0 3 9] 16. fi*3Sl'-9. 11-1 5cDV^-m 

[0 0 4 0] 17. l^T(OX^^^tfC^4:<»#m^-r'5 
(a) ^^{*:£«J:tcmiK{b'>y =»vK*?^^iS:L/c 

ji^fijc-rsxa. (b) wia^ i ^^bv-y ^^^-M^^jm^Biif 

t/miiE^ifc:'> y =1 S 2®ii!cosiria^ i mt 

y =1 vJ!g:}oi:tJ«f9iaS^kv y =» >'m^i»*-r sxs. 

(c) ffil5^»<*:SS_L(^)ffirl5® i^Scc^wia^^bv^y 

^2^<t:'>y =»>'JK^?f^^i-'5xm. (d) Htria^2K 

6c<^icj:fr). BtTlG^i. S2migc(ofliri5m2^ffc:v'y 
^ivfl^jbidMi s FETcoy- hmii^?^jS;i-'6x^ 
[004 1] 18. \^T<o:Ln.^^t^z.t^9^mt'r^ 

{ a ) ^mi^m&±{zm 2 mitv- y l/c 

WIEU 2 gf^bv^ y =1 ^^Blo JiSFiJt;:?^^ Ltimt^m^ 
/>-^--:x>/i-^^^lc<i: M i s FETcoy— 

is^ji^^-r^x^. (b) Mriey- hm<sco±a5^^tf 

miES 2 S^bv- y :/JK60 JiSi5jc» 4 K^bv- V = >^JK^ 

ji^^-rsxm. (c) mmm4miti^v =^:ym^^rjm 
mm2miti^])=^>'m^=^iy^>^-rh:it\,^x^. m 

laMI SFETcT^WSB-y— h«ffi05±gR*5<tU^i»M«:S 

m^iir^xs. (d) mll5m2®5{bi/y 

Sffi<b^^W^-^. SfllEy- hm^l^T^com2®«|c: 

*3V^T. tftl5^2g5{bv^y ='Vflg^3^-rX^. (e) M 

Tm\zmimiti^v =':ym^mf&-t^:Em. (f) wis 
®i^iS!cic::ib^w>T. mm^mt^&^(om:m\m^^titi 
ttfia» 1 miti^v =^>mt. saiay- hmffitoTSjc:?^ 
^^titct^mm 1 ®&fb'> y >mt(omm^^t^mm^^ 

[0 0 4 2] 19. lijR^l 7^fcfi 1 8iC:|oV^T. 

ley- h mm(Dm^m i ®«cfi(i(^iffisiJ«c § es-^wic:^ 
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10 0 4 3] 2 0. m^mi7^ 1 S^ytJll 9lw^o\/^ 
SftlSMI S FETH:F»^tt;^^y «r«*L. mm 

[0 0 4 4] 

[0 04 5] (mM<Dj^m 1 ) mm. i^nsi 

[0 04 6] dcor^y c/zi. ^ ^ y co^^ y -fe/ur ix^ 
(MA) lacD^^^T&j (x:S-f6]) ic:@«E-r6ffl^ 

*:<Dr7— Ki»WL (WLl -WLm ) 43 J:t/1S»*:C0 y 
— ::^i^SL (SLl '-SLm/2 ) . ^tlhtm-^-t^Y 
:^m^^tE'r^m^^(o^^y bBDL (DLI —DLn 

^<7)7f ^y-tr/UM (Mll—Mnm) ttXl/ >6o 

[0 0 4 7] ±|aJ7- Ki^WL (WLl —WLra ) (D^ 

y (x-DEC) l;:S^^^tlTv^-5, y~;^|gSL (s 

Ll '-SLin/2 ) O^n^'tLJi. 2 ;*:co !7 — Ki^W L (7) 
e><Dy— -XijftS L (SLl '-SLm/2 ) (O— ^ggpil, 7< 

^y-fe/wrw (MA) (ommm^i^m^titi^m:^-^ 

;^i8ftcs L^;l^j^0^$tlT^/^5o t's/higSOL (dli ~ 
DLn ) (D^ti^'tiit. Y;^r^(ci5SS^i-^ 2lIiO;^^y 

7^7^=3—^ (Y-DEC) :fc^J:tJ«-fe>-;^ri^:?' (S 
A) lc:^)gg$nrv^6o 

[0 0 4 8] 13 2*1, ±IE>^yir/V.r u-r ^^tLlC^ 

la. EI3 (A) fi. ;^^y ir>'^^4^B^J'cow«cg/^^- 
>^^■r¥®la. ms (B) ^^y ir^'U*^! 2<|i^J' 

[0 0 4 9] pm<o}^m&iyv ='>'/)^h^£^>^^mv^mm 
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[00 50] ;^-=ey -fe/br u-f eiJ«(7)pSe7 3i/u5tw 

10 Ji. ^^y -fe/W^^^^-f-^ n^-r^^/V^COM I S F ET 

FETQn;d5fl^^$n. nm^=^^i^e \znmm^^(om 

CO— gfI5^«^i-6p^ir4*/^SM I SFETQp?5Sj|^^ 
[00 5 1] y ^ y ■feyl'^«|^i-2)M I S F E T Qm 

±ti.xy'-\-mmm±\zmfS.^tit:Ly-bm^i 

Oat. -iS^Svj;'- hm^sil 0 aCOTSP^Xjgffi-rSn 

-"m^mi^mmis (kwv) y-hmsioa 

®Sci5 (ii5«ffiy-^) <!:. n"" m^m^P^mmi 5(D 

iE-r^n- m^mt^mmi 1 (««sy-;^) 
^(7)y->;. Kt--r ^-{^t**tife^-Y^>'^?Kfi8;m*!c (p 
m^=^yi^5) txm^^tix\^^^o y-hmfi^ioaji 
i7-KiSwL<h-<*:jc«fig$n. y-;^ (n-^ m^mw 

[0 0 5 2] >5^~hmSl 0 all. -pJXLf^nSO^jjSS 

30 =^>m(D±^j,zw (^vi/;^^^) v^y-t^-r KM^ 
mmLtc:r^vi^^ h^fmxmf^^ti. ^<omm\znmiti^ 

nfcy- hjs,^gm. Kw><Ri]/55igco®eYbi/y 
^9x<ii^$tL> y-;^ftii/5s®^{b:'>y ^^v^gorei- 
K^b'^y =^^^^7 irSlkvy ='VflS8 ir^aJi L^haS 

[00 5 3] j^i22lHlKtO p ^•Y^>'V§!m I S F E T Q p 

x^:7±y b-t-^x^\zmf$.^tirc-Mcop'*- m^^m^i^ 

®Scl4 (y-;^. Ki^-r» <i:. -«;iS>y-K^Si 
0 bOTSfR^XJgffi-r-S-Wt^p" ®2|^«^(*:€S« 1 2 

«iS!c (pM^?3i/W5) ^XlS^^ixXV^^. ^5^c. ^32 
IeIK(^n^-\'^/WSM I SFETQntt. ±t\^xy— 

hsmm (K^kv-y =':/K9) ±trjj^^^nfcy- 
x^i^:im^^titi-M<Dn^ m^mi^mmi 5 (y- 

50 KWV) -«S;dsy- hSSl 0 cC0T«FR*X 



(8) 

15 

^yW-SlM I S FE TQ piocfct/n^^i'^t^/l'^M I S F E 
TQnd. LDD (Lightly Doped Drain) mt^X^f^^ 

tlXV^-5o p^-^^/l-S^MI SFETQpOy— hmS 
1 0 b^^Jzt/n^-^-^/V-^M I S FETQnOy— 

[0 0 5 4] ±fa;^^y-tr^^ (M I S FETQm) . p 
^ir^/V^MM I S F ETQ p^oizt/n^-y^/WSM I S 

F E T Q n (o±m^nm^ ^mm<Dmiti^ V =^ i^mi 7 ^> 

Xm^^tlitSM2 3-2 7;«)Sj^^$;h.-CV^5o 
[0 0 5 5] ir/ur U^^iaclCJi^^^HfciS;6|2 

3«t'iy h^SDL^WI^L. mit'^V =il^mi 7{zm^ 
^tift='>''$'^ h;J^— /V2 0 Srjli:T;?<^y Ki^ 
V (n-' M^#f*:S«cl 3) i:^M^nTV^^. ^ 20 

fiEja2 4. 2 5tt. Kfk'^y ^'^-JKl 7^C:3f|^^Sttfc- 
^^^)=I>'^^ h^—/U2 1 SriHSTp^-V-^/^SM I S 

Tn^-r^/V^M I S FETQnf^— ^ftcOn"^ 

®«ci5 (y-^. Ku-'O') tmm^tix\^^^o 

[0 0 5 6] m::. ±'^y9^yi^^^^V(0^x:2^^J^ 

[0 0 5 7] i^^Lfcy^y ir/U (M 

I S FETQm) <oy — :^ (11. 15) ^^J&«{i 
(OV) ^ y- hSffi (10 a) :|3J:1/Kt^>r V 
(13) \z^ti^*ti5V(OlEmf^^mn-rh. r^xjrj: 

t). <£ssy-^ (11) <o^m:im6{:^^-rxo^j:m 

^±{^ti^s^y V:x.V{; hn>^ (e- ) t^W!C>''') 40 

^^(on.=^Vy yzr\z.'(^K^f\.^ y-hm<S(lOa) 
[0 0 5 8] ^7t, iS^ttJU»f^>bfe11^t:i> ilS^L/cy 

^y-fe/w(7)y-::^ (11, 15) ^s^mffi (OV) <h 

L. y— hl:«i (1 0 a) :foJ:a5Kl^-Y V (1 3) 

y ir/wcT) K i/-r V (13) Sr^*S:{4 (OV) <?: y 
(11. 15) t;i5 Vf^jESJE. y- hmis ( 1 0 
a) (c-l OVco:©m/ES:-?:;h.^*nBlJbPL> g{t:'>y=» 50 
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Vfll8*(c h7iy>^^nfcm-T:SrStg (pM^7^/i-5) 
<flrj--3a:mr5::tlc:J:>}. y- hm<S (10 a) 

[0 0 5 9] mz,^ ±IE^fil^iiy^y 
«Srfa7~Ell8 (y^y iryUTU^6g4!c<h-tni-Pg| 

[0 0 6 0] ^-f s 7 iC^f J: 3 Id. 10 Qcm^CT) 
it»fet^.*-r -5 p y =» ^ /i^ -5 

^Sl^fflitL. ^(r>mM\ZM^m.{C (LOCOS) ^X 

m\^2xm^^tzM^Wi>fsm^(r>m.mzm^2 oxiV!^ 
m.<r^mc'y y ^ >^^3 ^rji^^-r-So K{b^> y n 3 

It. ^k(?:^X^T*^^«s:SffillC^j^ife^^:^^fr-^jZ.^ 

[0 0 6 1 ] lEl 8 (ciTj^r ct 9 y ^ y -t/vr u 
y^y-fe/^r u-f ««*3j;t/^5a(Hiss<7)-a (n^ 

!>ni/U6^?^^-f-2)o 

[0 0 6 2 ] ^l^n^!>:3iyv.4 y ^ y ir/VT U-f «i 
«(;i^?LSl5^^*tfcMi?5 iima^CO^;*- h Uv?;:^ 
vSr-^:^i^^lwUT. JbPigji^/W:^— 3 0 0 0 k e V. K— 

xsi X 1 0 ^Vcn?(D^i^x^mi^mmi {^inm^m^ 

(y^) ^'Y:r>jT^i2i^LT?^fiS;-r'5o *fc. ^V^p 
^r>3i/v.5H. y-=ey-fe/^Tlx>f®igci: n^^^/Vr^M 
I SFET?f^^m^S^l;ir?^7L^^^lt7tMJ?2. 5Mm 

-4 5 0 k e V. K— XSl X 1 0^3/^^^. 
^y^diS— 2 0 0 k e V. K— XS3 X 1 0 12/cn|2co^# 
T-^^(*:gtSl IdpS^jjsfii^ (3c^!>^) <lr^^:/iT*>iZ. 
^LTJi^^-r-5o J^V^nM!>^/^'6^1. p5^^ 

^yv-SM I s F E rm^mm\zm^^i:wtntimm2. 

^y^^— 1 O 0 0 k e V. K— XS:1. 5X10lVc 
m2. 3 7 0 k e V. K-Xfi 3 X 1 0 

/cm2iocta^JbD3t^^/^^— 1 8 0 k e V. K-Xfil x 
1 012/cni2co^^T'^^<*:«tgllrnS^*Eife (y» 

[0 0 6 3] ±IEU^pS!l>3i/W5*i^fig-r6/c 

ji!>co-r ThvjT-biZi^xsx'. y^y-ty'v (mi sfet 

Qm) jJoctt/n^-^^y^SM I S FETQnC^L^l^ffi 

mff (vth) 4rsss-r^»:/^c46(^^*8«? i^^^m) ^m^^ 

{Z^CT^l^mX-Ti) (*Dji:i^^>'l-^-5 O k e V. K-X 
fil. 2X10^2/cin2) ^ ^/v^ nm^=^/^6 ^m^-r 
^tiib(r>^ :t>n'hi2<^j:UX\ p^^^^/l-^M I S F 
ETQpOL^l^liSm/E (Vth) ^raSi-6^«><7)^j(3fi 
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2pkeV. K-XSl. 5 X.l 0l2/cm2) o 
t0 0 6 4]]J^lC. pl!'>rcyU5. n S! ^^/V- 6 O^ix 

»^ U/c^. El 9 iciTr:^- J: p ^^mi^&i^ 1^750 

c V Dfe-eflS/i: 7 x^WS,<nm^^ y =1 vflg 8 
[0 0 6 51 ^\^. la 1 0 (r^-r J: b ±ia^^t:i/ y 

-etTV>. e^fLv-y ='>^^7cO^^>?^-^>'i7'|i. ±^y:t 

v^7, mti^v ^:^m8) ^(Djimx'mf^^ti^ 

[00 6 6] ig 1 1 Iw^-r J: 9 Id. ^#(*:S« 1 

^8 0 0*TCSSX*?»K<fc:Lr p®?7 3i>rv.5. nS!J^:3iyU 

v/y nixj^S t>P^I-»fk$tL-5<^T% 

ff 2 nmaSC0®&^b y 9 t)mf^ ^tl^o 

[0 0 6 7] HI 1 2 {ZTjk-rx ?(^V iryPT 

l^>rSittc<0®&{bv'y =^^^^9 Ji{C;^^y ir/V^ (MI SF 
ETQm) hSffil 0 a SrJ^^L. ^5aiHlK®« 

(Dmi[:iy y 9 ±{- p -^-^ ^/UglM I S F E T Q n 

CO-^^— hM^l Oh t n'f'^^Jl^mM i SFETQpCO 

hm® 1 0 c ^ bmm i o a . i 

Ob. 1 0 cn^ mtiyV =^i^m9 ±\:l6 o ox:u&(o 

mc vomx^mm i o onmajK. y 2x10 20/c 

ra%S(^#jeS^>y =iVJlgi:^5 OnmSStOWv-y 1^ 

[0 0 6 8] jskici. m 1 3 (c^-r ct 5 ^^mi*^&&i 1 

(7)^ffi{rJ!]D3§^^/V'^— 4 0 k e V. K— Xftl X 1 0 

^ycm^<o^i^vnm^»^^ (y» ^^:?^>'^T^i^^•r 

^m<DpMi7:r./i.5iSXXf^-' Ml;® 1 0 h(D^m<On 

[0 0 6 9] 9:ic:.. 014 J;i^-r J: 5 ;^ ^ y ■fe^'V.co 
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:^ h Ixi^;^ hflI«r-^;'^^«c:LT. JIJDaia^^/^^- 5 0 k 
e V, X 1 0 lVcm2(^^^4^-Cp§!e7^/V/5{C: 

[0 0 7 0] m^. El 1 5 td^-fci: 9 Id. p^^^^^i^m 

M I s F E Tmf&mm^mii^kwtmz.mm i ^ mmm 

10 0 k e V . K— 2X10 l^/cm2(7:»^{4=X* n M 

[00 7 1] m 1 6 5 Id. ^i^^^frSK 1 
jiidc V D&xmm 2 0 0 nmmso^Kfb-v-y = viK (la 

i/^:^^-r6C<i!ldj:i9. hmSi 0 a. lOb. 

1 0 c<D'^tl^*tl(Dmm:i^l 5 OnmrnSO-y-^r Kl>;i" 

y-:^m^mm.kmox\i^^miti^v =^>'m9 tmiti^ 

y ='>'J^8 tl^a#ldrco,^:>'i/$ix^,„ 

[0 0 7 2] »:id. ia 1 7 id^-ri 5 Id, p ^^^/i^m 
M I s F E rmf^mmizmn^kmiftimm i mum 

0 k e V. K— XS3 X 1 0l5/cm2o*tt:T-nM^>3i/P 

6idpS!^M«3 (r:7iy'fk:*^7^) 

^-(IrldJiD. p^^i'^/i^SiMl SFEToy— K 

u-^rv^Srffi^-rsies^Mi^aljs^op-*^ s^j^^tt:®* 1 4 

[0 0 7 3] Jggv^x. y^y-fe/w<oy-;^?i^^MSc^ n 

^^^/l-SM I S F E TJi^^Sigc^ IdWdFLgP^^ltfcl^ 
i?l MinSffiO^:^ h Ui^;^ hK:S:%-;^>:^|dUT. JbDJS 
5 0 k e V. K— Xfi2 X 1 0 ^^/Q.x^<Ty^^ 
X'p^r^aiyV-SldnSl^JjSfiife) (tS) k^ ir^yfl^'ih^ 

i^^gjSO n 1 5 <i: . n^^^/V^MIS 
FET(Dy-;^. KU-f ^-Srflldcf aiS^iMifefigcOn 
+ Si|i:#fls:®*acl Sir^Jl^fig-rSo Cw^X<OXST% 
40 ^^y-feyl^ (M I S FETQm) i:^5aiE]3S<^:)M I S F 
ET (n^i-^yl^SiM I S FETQn> p^ir-^/^SM 

1 SFETQp) ,i:;d^^^Ki-5o 

[0 0 7 4] »:ld. 018 ld:^i- J: 5 Id. ^mWW^ 1 

JildC VDj!feXJ^if:5 0 OninmS(7:^K{b>'y =i 1 7 
Sr^fflU^TcS. :7;j- h hK*-^:^^ Id LTg^^Lv' 

y 3VIK1 7Sr K7>f ^i^y^v^f $r iridj: 
y -fe/KT) K U'-r ^^<^±ffl5. n^-^^/U^M I S F ETQ 

F ETQ p(7)y — KU'-^ X7)±SR5ld-^:n-etL=' 
50 iJ'h*— yW2 0. 2 1. 2 2S:?^)EiKi-6o 
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[0 0 7 5] ^(O^^ \^7i^—/U2 0-- 2 2(Drt 

[0 0 7 61 ±iecoi:9;;itil^$ttfc*:|IJ£co?^^607 

[0 0 7 7] ^mM(r>mm(oy'7 ^yt^z2.^^v 

[0 0 7 S\ :^Mm<omM<r>'7=7yi^=i.y^^^JVX^ 
V\ 30 

[0 0 7 9] *:||j!i£<ofl^^co:7^iy i/^^^y cDffilig:^ 

fed. ^^yir/K?5y-^#i(oy-- hitei^flM (^e^bv-y 
>^<5r-^t'y7^>rlcffiix;t^»^ttp<^y SrHa-r 

[0 0 8 0] (iiffio?[^^2) :^nm(r>mm<oy'7yiy 
^>^y «??saig:^fe^!a 1 9— 0 3 3 (pt^y-t/wrix 40 

[00 8 1] ^T. 01 9«w;^-r<i: 5tc:> pS<^)*ifeS 

v-y n VTi^f^/^^^i^^^Stgi (D^Mlc::7.f-/i. ymt 
m2Srff$^Lrcm. 7^-yWKK'fl::fli2X'ia^ixfc^^^ 

J^figfil^o^ffilzK^bv'y =':x^3^ji^^-r'5o 
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(p^^-r^^uMM I S F.ETfl^^^^c) (O^mW 

[0 0 8 2] m 2 0 i:i^-r <t 5 ic:> 1 

4r8 0 Ot:aST*fRiK{bL-CpMi7^>'^5, nS-i^^/^ 
6 o^ijL^*H<?5^cii(c:JKj9 i 5 x)sM&(0^- hK^LK 3 

t;::6 0 6t:mScolS^CVDfcT-^jigSv'y (El;^ 

-fr-f) ^.K^it2 0 omsisaiL^s. :7;*-huv^^hK 

^-7;^i5r(;::|^Xw<7)^^^0i/y :=» v^3 1 ^ K ^ :3i .vy 
^>'^-r^^i:tcJ: p'^y-feryi'tr^y- hm^siS 1 a 

[0 0 8 3] |gi 2 2 (c^i-j: 9 hm 

<S 3 1 a . 3 1 b . 3 1 c (D±^i:^tJ^^mW^mWL 1 ± 
iC C V DfeX'lKii: 2 0 nmaSO^^kv- y =1 >Wk 3 2 Sr^ 

5 Onmmigcogf^hv'y =':^M3 3 Sr^SSi-^o 
[0084] ?ktC, (323 J: 5 ^ ^ y -fe/K^ 

3 3^[>^s/ V^y^l^ifi^. m^^XALm-Pt h Uv?;^ 
hK^r^yV^^^-Cl^^L^^. K^bv-y =':xBg3 3$: 
^^>:^|c:LX^'fl:->y ='>^3 2^r>^,^ hmvy^^^./ 

m(o^- vmmz i a ^^SoTi^^>^{k'>y =»>jk3 

2^K^*-r^o 

[00 8 5] 121 2 4 (C^-t- J: p IC. ±i2^-fb y 

=i>'J^3 2^-r;:^t^^tc:Ly£:!j7 3i5/ h^t j/^v^T-C;^ y 

^^-r^o w(7)<b#. :/-:^w^j^mmzm^\^xy<'^- 
vfi^^^nfcy- hmfiE3 i aoTSi5<^^- hs^fbiiis 
ot:i^ 2/^^:5^$ tL. ^<o-ntmm^hmi7 Qnmm 

[00 8 6] 13 2 5 lr:^-r<t 5 t-, ^^f^Sffi 1 

4:7 5 Ot:ieST*Sftgf'fl:LT;^^y -fe/i-coy — 
iSc^ -^TtDift^^lcSm p M e^^/l- 5 (D^ffilC^iiC 5 nm 
aSoS^^blv-y =^^^3 4S:fl^fiK-f -So 

[00 8 7] ig 2 6 \Z7s^'f^ b i^. 1 

idCVDfe-CIK® 1 OnniaScoS>fbv'y ^'VjKS 6Sr 
^iniCl.t'^. hSfiil 0 a (T^T^fROy- 

^Ji^^Sii^fifJiCl^^^bv-y =i>^34. ^^bv^y^>'^3 
6*3J:t/K'ft:v'y =':x^3 5:«i>^/jrS 3gco>y- hJfe^ 

[0 0 8 8] la 2 7 iZ^-r <t 5 1 

(n^mzWM.^^f\^^— 4 0 k e V. K—Xa 1X10 
lVcm2c75^«=T*nS!^*eife (y^-) it^^^'h^h^^ 
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[00 8 9] (21 2 8 {Z7jk-t^ -51-. ^ ^ y ir/K;^ 

;j- h i^v^^ h^^^^i5^t::LT. Jljnjf ^^>'^=¥— 5 0 k 

7f ^ y ir/PCO K L^>r >'4rfl!fig-r'5 n+ 3 9 10 

(0 0 9 01 El 2 9 5 p^-Y^^l^M 

M I s F E Tm^mm\zmK^i:mntimM i ^ m^s 

0 k e V. K— X42 X 1 0 13/cni2<^)^fti-eh^e7iiiyl. 
p- §!it^^#(*g|«c3 8^?^^i--5„ 

[00 9 1] mso 0 1 20 

±|CC VDffiT'fli^2 0 Onram^ScOS^bv'y lym^m 

C <!:«:: J: hmms la. 31b. 31c (O^ti 

^'fl(DmM\^mi 5 Onmm;g(D-y--f K[>:i--'/l-;^-<— 
4 2^mf&-r^o w(7)ir#. y-h«<S3 1a. 3 1 
b. 3 1 cOD_ha5^SoTl/>5K^b'>y ^i^lISS 5*3J; 

m^i3ia. 3 1b. 3 1 ccommtimdi't^. 

(0 0 9 2] fttd. [213 1 IwTj^-Tct p^-V-^yl-Si 
M I S F E T Jl^^^«clC^?Lg|5^i9:»t3tflg/? 1 u 30 

0 k e V. K— XS3 X 1 0^^/cm^<D^WXnM^=^^^ 
^:Lt\Z.X.K^. p^^-y^/l-^M I S F ET(7)y — K 

[0 0 9 3] ^^V^T. p<^y ir/KT^y-^JI^^^ig;,?: n 
^-r:^/\.mAl SFETfl^^®iS<blC^7L?fB€r^ttfcM 

ai^yU:^— 5 0 k e V. K— Xfi 2 X 1 0 ^^/cr^iD^W 40 
Tp^r^m/lxSICnM^Mife (t^) 
-rsc^iricij: t). p<^yiryKoy-;^«:fl}^-r^ig^iM 
«l«S(^n-*^ S!^»»€i«c4 1 n^-r^J^mM \ S 

p<^y-feyw (M I S FETQm) it^iaielKcOM I S F 
ET (nf^-r^yl^SiMI SFETQn. pf^-^^/l'SM 

1 S FETQp) 

[0 0 9 4] JSfelC. *#(*:StSlco^ffi«re?zcs/ h^S/ 
^:^i/LX-€:ix-?:*ix<^M I SFETtTjy— Ku-fv 50 
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C0S®<^SoTV^6K^b'>y ='^]^3 4*^*Ufc^. 
0 3 2|C7i^-t-J: 51-. hmiS3 1a. 3 1b. 3 1 

c*5J:t/y->^. (n-^ l!^#«5:fi|iac3 9. p 

ig;isfctc75>y f-^ Kg4 3Sr?i5^-r6o '>yi^-r vma 

3fl. e»JxLtf¥^»(*:StRlJLIC>^/^5/^ y ^^i/fife-ec o 

jg^:^SL. ^^:v^T-^^ftcatt[l«:fR^^sLT^gia.^^ 

JRJS<!rS« (S i ) *JJ:t/-y- hmfii (3 1 a — 3 1 

c) t^Kt&^^XCoi^V^^ Ym^W<>f^\^ti'ik. * 

[00 9 5] 12! 3 3 \z.7r^-t^ b ic. Wie^Jteo?!^ 

{b'>y =^^^^4 4 h2^^--/^4 5. 4 6. 4 7 

^?^^L^«. K^Lv'y ='Vflg4 4<^)Jia5lCifiiga4 8- 
5 2^?f^^-r^C^|;i«t D. *llflgC0?^®2(O>^7 5/v' 

[0 0 9 6] la 3 4 Jiia Lfcffii3t*fe-C^ffl-r S 7 

■^;^:^'li^{b'>y =i>flic0JDPX^ (No. 6) i: K U-T > 
(No. 7) t7)2«cT3b?). *^lc:fW(l»^t:$t^.Tv^ 

So 

[0 0 9 7] ^rc. ±IEUfci:^j!fcT*SiitLyh>'7 j/v-rr 

p< ^ y <73S t ih^/m^m^Ve^'^^ J: t5 y 7^ v- 3 
[00 9 8] {mm<D^m 3 ) gi 3 5 ii. ^n^aco^f^^ 

[0 0 9 9] ffllBUJficDJf^ffi 1 (O;^ ^ y ir/W (M I S F 

ETQm) «. h*i^^>'m(o^-biikmm^im<r>mit 

^LTv^'5o ^/c. 2®o^>ft:'>y =»>^HI9. e 
mmn. mt^>v =^>'m7. 9 t^tih\^t^^t\.t:imt 

LV^m^W^S^ff (CT;ttfl7. SningS) "CW^S 

[0 10 0] :*:||Jffi(^?i^^0 7<^y ir/V-O^iaL/cJI^j^l^ 

•^ey-t/u^pisx'feSo .^fc. *llt6<r>?gffio;^^y-fc 
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[0101] :^mM<omm(Dyy-/'^::r:?^^V\z.^ti 

-h^&mm mtiyv =^>m9. mit'yv =^>ms. m 

C^^iS^^^^ctSo 10 

[0 10 2] mm(7^^m4) msen. ^mm(omm 
[0 1 0 3 J MisnJSfT^ji^Si <7)y^yiryHt. y— ;^ 

[0104] ^^mfDmm(D?^ ■=e y i-/u(o±m i.tc^^ 
/\-(Dmm:^mt:. m^ti^v =^:^m7 tmitiyv ^^vais 

[0105] mi^(r>l^m 5 ) |gl 3 7 fi. 

[0 10 6] :L(nvy y'y=^/'^])\t. lEt&^^asx-*) 

SMI SFETQc iriSR^MI SFETOsirX'T^^ 
y-tv'^^ffijSiLTV^So lEtg^^gpcOM I SFETQc 

KJ? 1 0 r^nSl(r>WC^^ y =» 7 1 <b . 1 0 nmg 

iffe,m^-nc?g^sn^c^*ssv'y =1 vM/^ch*;^^^)/.^^^ 

hSS (PEG) 73ir. ccoy 
- VW^i 3cor^#j<;)^S<*:S;Ki ici?!^^$ix)ty- 40 

[0 10 7] y-^ti. -r-^^f^^— VW^i zcoT^ 

fcfi5^*6iaSa(7)n-' M^^f*:«ii|!c7 5 ^X'^^^ttT 
7 3(Z)Ta5^X®«E-r6igi^j(3fiifc»S«^>n+ Sf^^ft:^ 

[0 10 8] ^/c. iSS^fflMI SFETQsJl. 
rS$4nmSS<!0y- h«&^t:K7 7 <75 JigpiCfl^^^Hfc 50 
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G) 7 8<b. :l<o^-VW&i Z(r>mm<r>^^^W^\ 

$tLrv^^, KU-Y>*^. -iffi?F|5;^)Sy- hm«i 7 SCOT 

«fiKS*jtTV^6o y — ±IEMI SFETQcOK 

\^'<:yX'^h^^Wkm^(nu'' M^#f*:^«t7 6X111 

XV^-5o , 

[0 10 9] i:l5:7 7 iyiy^p<^y Or/Di/^i.ibfN^ 
1113 8 (^^y-fe:/i-(^K]f^m/E^) Srffiv>XUiP^t-6o 
St T®»^fflM I S F E T Q s CO K U'-O^tC 5 
V. hmS7 8 IC2 V>S:^*PUXil»^fflM I SFE 
TQ s S:;?f->' (ON) ICL. IStS^^^flStTDM I S FET 

Qc«^y->^^i*i&mffi (OV) ^- vnMTZ 
tw5V^aiADi-SC^{cJ:0. y-:^o-SFf54:«fi8;-r-5 

^£^i^^fe^sso n - 1 4 ois^ics^s^s 

^zf:-/ h^iu^ hn>'dSS{b'>y ='>'K7 m^tOS^ h 
^ y:/l-^iA$n. M I S FETQ c coy- hmi^7 3 

t^hn.tL\^ts\s ^mMJEt^ 4 Y:eJL_Llc Ji#-r 5 c <!: tc J: o 
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(54) [Title of the Invention] A semiconductor integrated circuit device and its manu&tcturing method 
(57) [Scope of the Patent Claims] 
[Claim 1] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where a gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a first conductive type semiconductor substrate. The first and second semiconductor 
regions of the second conductive type comprising source and drain regions, are formed in the 
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semiconductor substrate, and a channel region is formed between the first semiconductor region and 
the second semiconductor region. The semiconductor integrated circuit device is characterized by 
the fact that the gate insulation fiLn consists, at least in the first semiconductor region side, of three 
layers of insulation films where a silicon oxide film, a siliconj nitride film, and the second silicon 
oxide film are accumulated, and that wilting into the memory cell is performed by setting the second 
semiconductor region at a higher potential than the first semiconductor iregion. 

[Claim 2] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where the gate electrodes connected electricaUy to word lines are formed on a gate insulation film 
formed on a semiconductor substrate. The first and second semiconductor regions of the second 
conductive type comprising a source and a drain region are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, at least in the first semiconductor region side, of three layers of insulation films where 
a silicon oxide film, a silicon nitride film, and a second silicon oxide film are accumulated, also that 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region, and that hot electrons are injected to 
the silicon nitride film by generating the hot electrons in the first semiconductor region side. 

[Claim 3] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film 
formed on a semiconductor substrate. The first and second semiconductor regions of the second 
conductive type comprising a source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
fiilm consists, in the first semiconductor region side, of three layers of insulation films where a silicon 
oxide fQm, a silicon nitride film, and a second silicon oxide film are accumulated. The second 
semiconductor region side consists of a silicon oxide film, and that the impurity concentration in the 
part extending to the lower part of the gate electrodes in the first semiconductor region is different 
finom the impurity concentration in the part extending to the lower part of the gate electrodes in the 
second semiconductor region. 

[Claim 4] 

A semiconductor integrated circuit device described in Claim 1 or 3, characterized by the fact that 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region. 

[Claim 5] 

A semiconductor integrated circuit device described in Claim 1, 2, or 4, characterized by the fact that 
the gate insulation film is made of three layers of insulation films comprising a first silicon oxide 
film, a silicon nitride film, and a second silicon oxide film are accumulated in the first semiconductor 
region side, and a silicon oxide film in the second semiconductor region side. 



2 



Patent 2978477 



[Claim 6] 

A semiconductor integrated circuit device described in one of the Claims l-^-S, where a semiconductor 
integrated circuit device is characterized by the fact that the gate insulation fQm has the first 
semiconductor region side and the second semiconductor region side having almost the same electric 
capacity film thickness. 

[Claim 7] 

A semiconductor integrated circuit device described in Claim 1, 2, 4, 5, or 6, where a semiconductor 
integrated circuit device is characterized by the fact that the gate insulation film has the first 
semiconductor region side and the second semiconductor region side consisting of three layers of 
insulation films consisting of a first silicon oxide film, a silicon nitride film, and a second silicon 
oxide film are accumulated. 

[Claim 8l 

A semiconductor integrated circuit described in Claim 1, 3, 4, 5, 6, or 7, where a semiconductor 
integrated circuit device is characterized by the fact that writing into the memory cell is performed 
by injecting hot electrons into the silicon nitride film composing a part of the gate insulation film. 

[Claim 9] 

A semiconductor integrated circuit device described in one of the Claims 1-^8, where a semiconductor 
integrated circuit device is characterized by the fact that among the three layers of insulation film 
composing at least a part of the gate insulation film, the film thickness of the first silicon oxide film 
formed in the lower layer of the silicon nitride film is thicker than the film thickness that direct 
tunnel current flows. 

[Claim 10] 

A semiconductor integrated circuit device described in one of the Claims 1~9, where a semiconductor 
integrated circuit device is characterized by the fact that th^ second semiconductor region consists of 
a first conductive type semiconductor region whose one end extends to the lower part of the gate 
electrodes and a second conductive type semiconductor region whose one end is separated fix>m the 
gate electrodes, where the first semiconductor region is made of the second conductive t3rpe. 

[Claim 11] 

A semiconductor integrated circuit device described in one of the Claims 1~10, where a 
semiconductor integrated circuit device is characterized by the fact that reading out of the memory 
cell is performed by setting the first semiconductor region at higher potential than the second 
semiconductor region. 

[Claim 12] 

A semiconductor integrated circuit device described in one of the Claims 1-^10, where a 
semiconductor integrated circuit device is characterized by the fact that reading out of the memory 
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cell is performed by setting the second semiconductor region at higher potential than the first 
semiconductor region. 

[Claim 13] ^ 

A semiconductor integrated circuit device described in one of the Claims 1-^12, where a 
semiconductor integrated circuit device is characterized by the fact that a source line is formed by a 
plug embedded in the first connection hole formed on the upper insulation film in one of the first and 
second semiconductor regions, and that bit Hnes are connected to the other of the first and second 
semiconductor regions via a plug embedded in the second connection hole formed on the insulation 
film in the upper part of the other of the first and second semiconductor regions. 

[Claim 14] 

A semiconductor integrated circuit device described in Claim 13, where a semiconductor integrated 
circuit device is characterized by the fact that the first connection hole and the second connection 
hole are formed self-aUgned to the space of the gate electrodes of the MISFET. 

[Claim 15] 

A semiconductor integrated circuit device described in one of the Claims 1—14, where a 
semiconductor integrated circuit device is characterized by the fact that the memory cell consists of 
the MISFET comprising a memory element section and a selection MISFET. 

[Claim 16] 

A semiconductor integrated circuit device described in one of the Claims l-^-S and 11^15, where a 
• semiconductor integrated circuit device is characterized by the fact that the first semiconductor 
region and the second semiconductor region are the same conductive type. 

[Claim 17] 

A semiconductor integrated circuit device manufacturing method characterized by the following 
processes^ 

(a) a process where, after forming the second silicon oxide film on a semiconductor substrate, the 
gate electrodes of MISFET are formed by patterning a conductor film formed on the top of the second 
silicon oxide film, 

(b) a process where, after forming the second silicon nitride film on the semiconductor substrate 
containing the upper part of the gate electrodes, the fourth silicon oxide film is formed on the top of 
the second silicon nitride film, 

(c) a process of exposing the upper part and side walls of the gate electrodes of the MISFET by 
etching the fourth sUicon oxide film and the second silicon nitride film, 

(d) a process of exposing the bottom face of the gate electrodes and the semiconductor substrate in 
the first region of the lower part of the gate electrodes and leaving the second silicon oxide film in the 
second region of the lower part of the gate electrodes by isotropically etching the second silicon oxide 
fQm, 

(e) a process of forming the first silicon oxide film on the top &oe of the semiconductor substrate 
and the bottom face of the gate electrodes in the first region by thermally processing the 
semiconductor substrate, and 
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(jD a process of forming the second silicon nitride film on the semiconductor substrate containing a 
space between the first silicon oxide film formed on the top &ce of the semiconductor substrate and 
the first silicon oxide film formed on the bottom face of the gate electrodes in the first region. 

[Claim 18] 

Being a semiconductor integrated circuit device manufacturing method described in Claim 17. a 
semiconductor integrated circuit device manu&cturing method characterized by the fact that it 
contains a process of introducing an self-aligned impurity to the end of the first region side of the 
gate electrodes to form the first semiconductor region in the semiconductor substrate and a process 
of introducing an self-aligned impurity to the end of the second region side of the gate electrodes to 
form the second semiconductor region in the semiconductor substrate^ and that the impurity 
concentration in the first semiconductor region is set lower than the impurity concentration in the 
second semiconductor region. 

[Claim 19] 

Being a semiconductor integrated circuit device manufacturing method described in Claim 17 or 18. 
a semiconductor integrated circuit device manufacturing method characterized by the fact that the 
MISP^JT comprises a nonvolatile memory, that the gate electrodes of the MISPET comprising a 
peripheral circuit and the gate electrodes of the MISFET comprising the nonvolatile memory are 
formed in a process of patterning the same conductive film, and that the gate electrodes of the 
MISFIT comprising the peripheral circuit are formed in a process of forming the second silicon oxide 
film. 

[Detailed Explanation of the Invention] 
[0001] 

[Field of Technology] 

This invention relates to a semiconductor integrated circuit device and its manufacturing technology, 
especially a technology effectively applicable to semiconductor integrated circuit devices which have 
a nonvolatile memoiy of the single MISFET structure that makes the insulation film trap a charge 
accumulation region. 

[0002] 
[Prior Art] 

The basic cell structure of a nonvolatile memory formed on a silicon substrate is classified into two 
large categories^ the floating gate type where a floating gate is installed between a gate oxide film 
and a control gate (word lines) above it and being electrically isolated from the surroundings is made 
a charge accumulation region, and an MNOS (Metal-gate Nitride Oxide Silicon) type where having 
no such floating gate, a gate insulation film is made of a cumulate film of a silicon oxide film and a 
silicon nitride film, and the electrons trapped in the silicon nitride film are made a charge 
accumulation region. 

[0003] 

Figure 52 is a cross-sectional view showing a representative cell structure of a floating gate type 
memoiy. This memory cell has a structure where a floating gate 103, an interlayer insulation film 
104, and a control gate (CG) 105 are formed sequentiaUy on the top of a gate oxide film 102 with a 
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film thickness of about 10 nm formed on the main surface of a silicon substrate 101, and a source (S) 
106 and a drain (D) 107 are formed on the silicon substrate 101 on both sides of the floating gate 103. 

[0004] I 

Writing into each memory cell is performed by injecting electrons 108 into the floating gate 103 and 
increasing the threshold voltage (Vth) of the transistor seen firom the control gate 105 by 3V-5V 
compared with the condition where there is no accumulation of electrons 108. Also, the mainstream 
method of injecting electrons 108 into the floating gate 103 is to draw hot electrons generated by the 
avalanche breakdown near the drain 107 into the floating gate 103 by a positive voltage charged to 
the control gate 105. 

[0005] 

On the other hand, Fig. 53 is a cross- sectional view showing a representative ceU structure of a 
MNOS type memory cell. This memory ceU consists of a MISFET (memory element section) where a 
silicon nitride film 1 13 and a writing/erasing gate electrode (PEG) 115a are formed sequentially on 
the top of a direct tunnel oxide film 112 with a film thickness of about 2 nm formed on the main 
surface of a silicon substrate 111 and a source (S) 116 and a connecting diffusion layer (drain) 117 
are formed on the silicon substrate 111 on both sides of the gate electrode 115a. A selection MISFET 
where a selection gate electrode (SG) 115b on the top of the gate oxide film 118 is formed and a 
connecting di^sion layer (source) 117 and a drain (D) 119 are formed on the silicon substrate 111 on 
both sides of the gate electrode 115b. 

[0006] 

Writing into each memory cell is performed by increasing the threshold voltage of the MISFET in the 
memory element section through controlling the potential of the silicon substrate 111 and the 
writing/erasing gate electrode 115a to inject electrons 108 fix)m the silicon substrate 111 side via the 
direct tunnel oxide film 112 onto the whole surface of the siHcon nitride film 113 and make them 
trapped. Also, erasing is performed in the same way by decreasing the threshold voltage of the 
MISFET in the memory element section through controlling the potential of the silicon substrate 111 
and the writing/erasing gate electrode 115a to eject electrons trapped in the silicon nitride film 113 
to the silicon substrate 111 side. In this erasing operation, because the threshold voltage of the 
memory element section is lowered to below 0 V, namely down to the depression region, the selection 
MISFET becomes necessary other than the MISFET in the memory element section for reading out. 

[0007] 

Because the NMOS-t5q)e memory cell has an operation scheme of trapping electrons inside an 
insulation film (silicon nitride film 113), trapped electrons contribute to the modulation of the 
threshold voltage independently. Therefore, a variation of the threshold voltage over the entire 
channel region of the memory element section due to partial leakage of electrons inside the silicon 
nitride film 113 caused by defects inside the tunnel film 1 12 is veiy small. In other words, its 
retention property is excellent, and it can be to be a highly reliable memoiy cell scheme. 

[0008] 

Figure 54 is a cross-sectional view showing a cell structure named "Self- Aligned Split-Gate EEPROM 
Device" described in USP No. 5408115. This memoiy ceU has a structure where a gate oxide film 
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122 and a selection gate electrode (SG) 123 are accumulated on the main surface of a silicon 
substrate 121. A side wall gate electrode CSWG) 127 is formed on those side walls via a three-layer 
insulation film consisting of a silicon oxide film 124, silicon nitride film 125, and a silicon oxide film 
126. Also, a source (S) 128 is formed by ion injection masked with this side wall gate electrode 
(SWG) 127, and a drain (D) 129 is formed by ion injection masked with the selection gate electrode 
123. 

[0009] 

As described in " 1997 Symposium on VLSI Technology Digest of Technical Papers p63-p64", writing 
into a memoxy cell is performed by charging the source 128, side wall gate electrode 127, and 
selection gate electrode 123 with voltages of 5 V, 9 V, and 1 V, respectively with the drain 129 as the 
ground level. 

[0010] 

Figure 55 shows the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the memory cell. Because the voltage (5 V) charged between the 
source (S) and drain (D) is mostly charged to a void layer of the source, the electric field intensity 
along the channel direction becomes maximum immediately below the side wall gate electrode 
(SWG) as shown in the figure. Therefore, electrons running firom the drain (D) to the channel region 
are accelerated in a high electric field region near the source (S) leading to the avalanche breakdown, 
and hot electrons generated at this time are injected and trapped in the silicon nitride film (l25) by a 
vertical high electric field caused by the side wall gate electrode (SWG). Namely, by electrons being 
trapped in the silicon nitride film (125) immediately below the side wall gate electrode (SWG), the 
threshold voltage seen fi^om the side wall gate electrode (SWG) rises up. The writing scheme by 
these hot electrons is basically identical to the scheme where the hot electrons near the drain in the 
floating gate type memoxy cell are drawing into the floating gate. 

[0011] 

Also, in reading out of the memory cell, a voltage of 1.8 V is charged to the side wall gate electrode 
(127) and the selection gate electrode (123) with the source (128) as the ground level, and modulation 
of the threshold voltage seen firom the side wall gate electrode (127) due to presence/absence of an 
electron trap in the silicon nitride film (l25) is judged ficom the drain current. Because this memory 
cell performs writing using hot electrons, even if the silicon oxide fiilm (124) immediately below the 
silicon nitride film that traps the electrons is formed with a thicker film thickness (about 10 nm for 
example) than the direct tunnel oxide film of the MNOS'type memory cell, the writing speed does not 
become degraded. Also, the thicker this silicon oxide film (124) is, the lower the defect density 
becomes, and the retention property of the memory cell improves as the result. 

[0012] 

IEEE Electron Device Lett., (vol, EDL-8, no. 3, pp. 93-95, March 1987) discloses a nonvolatile 
memory of the single MISFET structure which has no control gate. Memory cell of this nonvolatile 
memory consist of a gate electrode of poly crystalline silicon formed on the top of a gate insulation 
film, with a source and a drain formed on a semiconductor substrate on both sides of this gate 
electrode, and the gate insulation film consists of the three-layer structure where a silicon nitride 
film is sandwiched between two layers of silicon oxide film. 
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[0013] 

Writing into each memory cell is performed by making the carriers near the drain to be injected into 
the silicon nitride film and trapped. This memory cell is excellent in its retention property compared 
with the MNOS-t3q)e memory ceU because the carriers in the silicon nitride film sandwiched by two 
layers of silicon oxide films exist locally in a narrow region near the drain. 

[0014] 

Japanese Patent Disclosure Hei 6-232416 public report discloses nonvolatile memory of the single 
MISFET structure where a gate insulation film and a trap film that retains the carriers are formed 
in sequence on the top of a channel region between a source and a drain, and a gate electrode is 
formed on the top of this gate insulation film and trap film. The gate insulation film is made of a 
silicon oxide film, and the trap film consists of a three-layer structure where a silicon nitride film is 
sandwiched between two layers of silicon oxide film. 

[0015] 

Writing into each memory ceU is performed by injecting electrons into a silicon nitride film and 
trapping them in a silicon oxide film (tunnel oxide film) of a bottom layer comprising a part of the 
trap film. Because this memory cell forms a gate insulation film of a normal enhancement MISITET 
and a trap film in the memory section that retains the carriers in the lower part of a single gate 
electrode, the cell area can be reduced. 

[0016] 

[Problems Overcome by the Invention] 

The floating gate type memory cell described above can be designed with relatively a small cell area 
because a control gate (word lines) is accumulated on the top of a floating gate, having a cell 
structure fit for increasing the capacity. On the other hand, although the MNOS-type meniory cell 
has an excellent retention property compared with the floating gate type memory ceU, being 
regarded as a highly reliable ceU scheme, because it requires two basic elements for a memory 
element section and selection, the ceU area under the same design rule becomes 4~5 times larger 
than the floating gate t3^e memoiy ceU, having the shortcoming of not being fit for increasing the 
capacity, 

[0017] 

Also, the memory cell disclosed in USP No. 5408115 has comparable scalability to the floating gate 
type memory cell and a reliability equivalent to or higher than the MNOS-type memory ceU. 
However, its ceU structure having a selection gate electrode and a side waU gate electrode makes the 
writing/erasing operation complicated compared with the floating gate type memoiy cell, increasing 
the required peripheral circuit area as the result. Moreover, because the side wall gate electrode is 
about 100 nm in width, its wiring resistance increases to 5~7 times as large as normal gate 
resistance, introducing degradation of the read-out speed. Furthermore, although the channel region 
between the selection gate electrode and the side wall gate electrode, namely immediately below the 
region where a silicon oxide film (124), a silicon nitride film (125), and a silicon oxide film (126) are 
accumulated in the horizontal direction is as small as about 30 nm in width, and the gate electrode 
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does not exist on its top. Therefore, this region functions as a parasitic resistance, causing a problem 
of decreasing the drain current at read-out and degrading the read-out speed. 

[0018] 

The objective of this invention is to provide a nonvolatile memory equipped with a new cell structure 
having both scalability comparable to the floating gate type memory cell and the reliability 
equivalent or higher than the MNOS-type memory cell and its manufacturing method. 

[0019] 

This and other objectives and new characteristics of this invention will become evident firom the 
descriptions in this specification and attached drawings. 

[0020] 

[Problem Resolution Means] 

Among the inventions disclosed in this application, outlines of the representative ones are explained 
as follows. 

[0021] 

In the nonvolatile memory cell in this invention, is composed of MISFETs where gate electrodes 
connected electrically to word hnes are formed on a gate insulation film, formed on a first conductive 
type semiconductor substrate. The first and second semiconductor regions of the second conductive 
type comprising the source and drain regions are formed in the semiconductor substrate, and a 
channel region is formed between the first semiconductor region and the second semiconductor 
region. The gate insulation film consists, at least in the first semiconductor region side, of three 
layers of insulation films where the first silicon oxide film, a silicon nitride film, and the second 
silicon oxide film are accumulated. 

[0022] 

Writing into the memory cell is performed by setting the second semiconductor region at a higher 
electric level than the first semiconductor region in the selected memory cell and injecting hot 
electrons generated in the second conductive- type semiconductor region with a low impurity 
concentration into an electron trap in a silicon nitride film. 

[0023] 

Other than that, the inventions described in this application are explained item by item as follows. 
[0024] 

1. A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a first conductive type semiconductor substrate. The first and second semiconductor 
regions of the second conductive type comprising the source and drain regions are formed in the 
semiconductor substrate, and a channel region is formed between the first semiconductor region and 
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the second semiconductor region. A semiconductor integrated circuit device characterized by the fact 
that the gate insulation film consists, at least in the first semiconductor region side, of three layers of 
insulation fiilms where a first silicon oxide film, a silicon nitride film, and the second silicon oxide 
film are accumulated, and that writing into the memory cell is performed by setting the second 
semiconductor region at a higher potential than the first semiconductor region. 

\ 

[0025] 

2. A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a semiconductor substrate. The first and second semiconductor regions of the second 
conductive t3^e comprising the source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, at least in the first semiconductor region side, of three layers of insulation films where 

a first silicon oxide film, a silicon nitride film, and the second silicon oxide film are accumulated, that , 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region, and that hot electrons are injected to 
the silicon nitride film by generating the hot elections in the first semiconductor region side. 

[0026] 

3. A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs 
where the gate electrodes connected electrically to word Unes are formed on a gate insulation fiOlm - 
formed on a semiconductor substrate. The first and second semiconductor regions of the second 
conductive type comprising the source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, in the first semiconductor region side, of three layers of insulation films where the first 
silicon oxide film, a silicon nitride film, and the second silicon oxide film are accumulated, that the 
second semiconductor region side consists of a silicon oxide fiilm, and that the impurity concentration 
in the part extending to the lower part of the gate electrodes in the first semiconductor region is 
different firom the impurity concentration in the part extending to the lower part of the gate 
electrodes in the second semiconductor region. 

[0027] 

4. In Claim 1 or 3, a semiconductor integrated circuit device characterized by the £act that the 
impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region. 

[0028] 

5. In Claim 1, 2, or 4, a semiconductor integrated circuit device characterized by the fact that the 
gate insulation film is made of three layers of insulation films where the first silicon oxide film, 
silicon nitride film, and the second silicon oxide film are accumulated in the first semiconductor 
region side, and a sUicon oxide film in the second semiconductor region side. 



10 



Patent 2978477 



[0029] 

6. In one of the Claims 1—5, a semiconductor integrated circuit device characterized by the fact that 
the gate insulation film has the first semiconductor region side and the second semiconductor region 
side having almost the same electric capacity film thickness. 

[0030] 

7. In Claim 1, 2, 4, 5, or 6, a semiconductor integrated circuit device characterized by the fact that 
the gate insulation film has the first semiconductor region side and the second semiconductor region 
side consisting of three layers of insulation films where the first silicon oxide film, silicon nitride film, 
and the second silicon oxide film are accumulated. 

[0031] 

8. In Claim 1, 3, 4, 5, 6, or 7, a semiconductor integrated circuit device characterized by the fact that 
writing into the memory cell is performed by injecting hot electrons into the silicon nitride film 
composing a part of the gate insulation film. 

[0032] 

9. In one of the Claims 1—8, a semiconductor integrated circuit device characterized by the fact that 
among the three layers of insulation film composing at least a part of the gate insulation film, the 
film thickness of the first silicon oxide film formed in the lower layer of the silicon nitride film is 
thicker than the film thickness that direct tunnel current flows. 

[0033] 

10. In one of the Claims 1—9, a semiconductor integrated circuit device characterized by the fkct that 
the second semiconductor region consists of a first conductive type semiconductor region whose one 
end extends to the lower part of the gate electrodes and a second conductive type semiconductor 
region whose one end is separated from the gate electrodes, where the first semiconductor region is 
made of the second conductive type. 

[0034] 

11. In one of the Claims 1—10, a semiconductor integrated circuit device characterized by the fact 
that reading out of the memory cell is performed by setting the first semiconductor region at a higher 
potential than the second semiconductor region. 

[0035] 

12. In one of the Claims 1—10, a semiconductor integrated circuit device characterized by the fact 
that reading out of the memory cell is performed by setting the second semiconductor region at a 
higher potential than the fijrst semiconductor region. 

[0036] 

13. In one of the Claims 1-12, a semiconductor integrated circuit device characterized by the fact 
that a source line is formed by a plug embedded in the first connection hole formed on the upper 
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insulation film in one of the first and second semioonductor regions, and that bit lines are connected 
to the other of the first and second semioonductor regions via a plug embedded in the second 
connection hole formed on the insulation film in the upper part of the other of the first and second 
semiconductor regions. ^ 

[0037] 

14. In the Claim 13, a semiconductor integrated circuit device characterized by the fact that the first 
connection hole and the second connection hole are formed self-aligned to the space of the gate 
electrode of the MISFET. 

[0038] 

15. In one of the Claims 1~14, a semiconductor integrated circuit device characterized by the fact 
that the memory cell consists of the MISFET comprising a memoiy element section and a selection 
MISFET. 

[0039] 

16. In one of the Claims 1—9 and 11~15, a semiconductor integrated circuit device characterized by 
the fact that the first semiconductor region and the second semiconductor region are the same 
conductive type. 

[0040] 

17. A semiconductor integrated circuit device manufacturing method characterized by the following 
processes- 

(a) a process where, after forming the fixst silicon oxide film on a semiconductor substrate, a silicon 
nitride film is formed on the first silicon oxide film, (b) a process whero, by patterning the first silicon 
oxide film and the silicon nitride film, the first silicon oxide film and the silicon nitride film are left 
on the first region on the semiconductor substrate, and the first silicon oxide film and the silicon 
nitride film in the second region are removed, (c) a process of forming the second silicon oxide film on 
the top of the silicon nitride film in the first region on the semiconductor substrate and in the second 
region on the semioonductor substrate, and (d) a process where, by patterning a conductive film 
formed on the top of the second silicon oxide film, gate electrodes of MISFET is formed on the second 
silicon oxide film in the first and second regions. 

[0041] 

18. A semiconductor integrated circuit device manu:&cturing method characterized by the following 
processes- 

(a) a process where, after forming the second silicon oxide film on a semioonductor substrate, the 
gate electrodes of MISFET are formed by patterning a conductor film formed on the top of the second 
silicon oxide film, (b) a process where, after forming the second silicon nitride film on the 
semiconductor substrate containing the upper part of the gate electrodes, the fourth silicon oxide 
film is formed on the top of the second silicon nitride film, (c) a process of exposing the upper part 
and side walls of the gate electrodes of the MISFET by etching the fourth silicon oxide film and the 
second sUioon nitride film, (d) a process of exposing the bottom face of the gate electrodes and the 
semiconductor substrate in the first region of the lower part of the gate electrodes and leaving the 
second silicon oxide film in the second region of the lower part of the gate electrodes by isotropicaUy 
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etching the second silicon oxide film, (e) a process of forming the first silicon oxide film on the top 
face of the semiconductor substrate and the bottom face of the gate electrodes in the first region by 
thermally processing the semiconductor substrate, and (f) a process of forming the second silicon 
nitride film on the semiconductor substrate containing a space between the fiirst silicon oxide film 
formed on the top &ce of the semiconductor substrate and the first siUcon oxide film formed on the 
bottom face of the gate electrodes in the first region. 

[0042] 

19. In Claim 17 or 18, a semiconductor integrated circuit device manufacturing method characterized 
by the fact that it contains a process of introducing an self-aligned impurity to the end of the first 
region side of the gate electrodes to form the first semiconductor region in the semiconductor 
substrate and a process of introducing an self-aligned impurity to the end of the second region side of 
the gate electrodes to form the second semiconductor region in the semiconductor substrate, and that 
the impurity concentration in the first semiconductor region is set lower than the impurity 
concentration in the second semiconductor region. 

[0043] 

20. In the Claim 17, 18, or 19, a semiconductor integrated circuit device manufacturing method 
characterized by the fact that the MISFET comprises nonvolatile memory, that gate electrodes of the 
MISFET comprising a peripheral circuit and gate electrodes of the MISFET comprising the 
nonvolatile memory are formed in a process of patterning the same conductive film, and that gate 
electrodes of the MISFET comprising the peripheral circuit are formed in a process of forming the 
second silioon oxide film. 

[0044] 

[Embodiments of the Invention] 

Below, the embodiments of this invention are explained in detail based on the drawings. Here, in all 
the drawings for explaining the embodiments, the same code is used for the elements having the 
same function, and repetitions of the explanation are omitted. 

[0045] 

(Embodiment l) 

Figure 1 is an outline circuit diagram showing the main part of a flash memory Oump erasing type 
nonvolatile memoiy) which is an embodiment of this invention. 

[0046] 

In the memory cell array (MA) of this flash memory, are formed a plurality of word lines WL 
(WLl^WLm) and a plurality of source lines SL (SLl~SLm/2) extending in the right-left direction (X 
direction) of the figure, a plurality of bit lines DL (DLl'-DLn) extending in the Y direction 
intersecting with them perpendicularly, and a pluraUty of memory cells M (Ml l~Mnm) configured in 
the MISFET structure described later. 

[0047] 
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Each of the word lines WL (WLl~WLm) is connected to the gate electrodes of a plurality of memo ly 
cells, positioned along the X direction, and its one end is connected to a row decoder (X-DEC). Each 
of the source lines SL 0SLl~SLni/2) is positioned as one between two word hnes WL and is connected 
to a source common to two memory cells M neighboring in the Y direction. Also, one end of these 
source lines SL (SLl~SLm/2) is connected to a common source line CSL positioned in the peripheral 
part of the memory cell array (MA). Each of the bit lines DL (DLl~DLn) is connected to a drain 
common to two memory ceUs neighboring in the Y direction, and its one end is connected to a colunm 
decoder (Y-DEC) and a sense-up CSA). 

[0048] 

Figure 2 is a cross-sectional view of the main part of a semiconductor substrate showing a part of 
each of the memory cell array and the neighboring peripheral circuit. Fig. 3 (A) is a plan view 
showing a conductive layer pattern equivalent to about four memory cells, and Fig. 3 (B) is a plan 
view showing a conductive layer pattern equivalent to about 12 memoiy cells. 

[0049] 

A p-type well 5 is formed in a memory cell array region of a semiconductor substrate 1 made of a p* 
type silicon single crystal, and a p-type well 6 and an n-type well 6 are formed in the peripheral 
circuit region. Also, in the bottom part of the p type well 5 in the memory cell array region, a deep n- 
type well 4 for separating electrically this p-type well 5 from the other regions of the semiconductor 
substrate is JEbrmed. On the sur&oe of each of the p-t3^e well 5 and the n-type well 6, is formed a 
field oxide fdm 2 made of a silicon oxide film for element separation. 

[0050] 

In the p-type well 5 in the memory cell array region, is forihed an n-channel type MISFET Qm 
comprising a memory cell. Also, in the p-type well 5 in the peripheral circuit region, is formed an n- 
channel type MISFET Qn comprising a part of the peripheral circuit, and in the n-type well 6, is 
formed a p-channel type MISFET Qp comprising the other part of the peripheral circuit. 

[0051] 

The MISFET Qm comprising a memory cell consists mainly of a gate electrode 10a formed on a gate 
insulation film, an n**type semiconductor region 13 (drain) whose one end extends to the bottom of 
the gate electrode 10a, an n'*'-type semiconductor region 15 (high concentration source) formed offset 
relative to the gate electrode 10a, an n -type semiconductor region 11 (low concentration source) 
which is formed around the n"^-t3q3e semiconductor region 15 and whose one end extends to the 
bottom of the gate electrode 10a, and a channel formation region (p-type well 5) sandwiched by the 
source and drain. The gate electrode 10a is configured as one body with the word lines WL, and the 
source (n+-type semiconductor region 15, n— type semiconductor region 11) is configured as one body 
with the source lines SL, 

[0052] 

The gate electrode 10a consists of, for example, a polycide film where a W (tungsten) silicide film is 
accumulated on the top of an n-type polycrystalline silicon film, and on its side walls are formed a 
side wall spacer 16 composed of a silicon oxide film. Also, a gate insulation film formed on the 
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bottom of the gate electrode 10a consists of one layer of silicon oxide film 9 in the drain side and 
three layers of insulation films where a silicon oxid film 7 and a silicon nitride film 8 are 
accumulated on the bottom of the silicon oxide film 9 in the source side. 

[0053] 

The p -channel type MISFET Qp in the peripheral circuit consists mainly of a gate electrode 10b 
formed on a gate insulation film (silicon oxide film 9), a pair of n-*^-type semiconductor regions 14 
(source and drain) formed offset relative to the gate electrode 10b, a pair of p*-type semiconductor 
regions 12 whose one end extends to the bottom of the gate electrode 10b, and a channel formation 
region (p-type well 5) sandwiched by the source and drain. Also, the n-channel type MISFET Qn in 
the peripheral circuit consists mainly of a gate electrode 10c formed on a gate insulation film (silicon 
oxide film 9), a pair of n*-type semiconductor regions 15 (source and drain) formed offeet relative to 
the gate electrode 10c, a pair of n -type semiconductor regions 11 whose one end extends to the 
bottom of the gate electrode 10c, and a channel formation region (p-type well 5) sandwiched by the 
source and drain. Namely, the p-channel type MISFET Qp and the n-channel type MISFET Qn in 
the peripheral circuit are configured with the LDD (Lightly Doped Drain) structure. The gate 
electrode 10b of the p-channel type MISFET Qp and the gate electrode 10c of the n-channel type 
MISFT Qn are composed of polycide film in the same way as the gate electrode 10a in the memory 
ceU, and a side wall spacer 16 composed of a silicon oxide film is formed on their side walls. 

[0054] 

A silicon oxide film 17 with a thick film is formed on the top of the memory cell (MISFET Qm), p- 
channel type MISFET Qp, and n-channel type MISFET Qn, and on its top are formed wirings 23-27 
composed of an A 1 alloy film for example. 

[0055] 

The wiring 23 formed on the memory cell array region comprises the bit lines DL and is connected to 
a drain (n*-type semiconductor region 13) of the memory ceU via a contact hole 20 formed on a silicon 
oxide film 17. Also, among the wirings 24-^27 formed in the peripheral circuit region, the wirings 24 
and 25 are connected to a pair of p^- type semiconductor regions 14 (source and drain) of the p- 
channel type MISFET Qp via a pair of contact holes 21 formed on the silicon oxide film 17, and the 
wirings 26 and 27 are connected to a pair of n'^-type semiconductor regions 15 (source and drain) of 
the n-channel type MISFET Qn via a pair of contact holes 22 formed on the silicon oxide film I7. 

[0056] 

Next, the program operations of the flash memory are explained using Fig. 4 (an outline cross- 
sectional view showing about one memory celO, Fig. 5 (the memory cell operation voltage table), and 
Fig. 6 (a plot showing the potential distribution and electric field intensity distribution in the 
channel region at the writing operation of the memoty cell). 

[0057] 

The writing operation sets the source (l 1, 15) of a selected memory cell (MISFET Qm) to the ground 
level (0 V) and charges the gate electrode (lOa) and the drain (13) each with a positive voltage of 5 V. 
By this, a peak of electric field intensity shown in Fig. 6 occurs at the edge of the low concentration 
source (ll), hot electrons (e') generated in this region Gow concentration source side) are injected into 
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the electron trap inside the silicon nitride film 8, and the threshold voltage seen finom the gate 
electrode (lOa) rises, performing a writing operation. 

[0058] ^ 

Also, the reading operation is performed in the same way bylsetting the source (11, 15) of a selected 
memory ceU to the ground level (O V) and charging the gate electrode (lOa) and the drain (13) each 
with a positive voltage of 2 V. The erasing operation is performed by setting the drain (13) of a 
memory cell to the ground level (O V), charging the source (11, 15) with a positive voltage of 5 V and 
the gate electrode (lO) with a negative voltage of -10 V, respectively, and ejecting the electrons 
trapped in the silioon nitride film 8 to the substrate (p-type well 5) side, lowering the threshold 
voltage seen firom the gate electrode (lOa). 

[0059] 

Next, an example of the manu&cturing method of the nonvolatile memory is explained using Fig. 7 ~ 
Fig. 18 (essential-section cross- sectional views of the semiconductor substrate each showing a part of 
the memory cell array region and its neighboring peripheral circuit region). 

[0060] 

First, a semiconductor substrate 1 made of a p-type silicon single crystal having a specific resistance 
of about 10 Qcm is prepared as shown in Fig, 7, and after a field oxide film 2 with a film thickness of 
about 500 nm is formed on its surface by the selective oxidization (U3COS) method, the 
semiconductor substrate 1 is thermally oxidized, forming a silioon oxide film 3 with a film thickness 
of about 20 nm on the surface of the element forming region surrounded with the filed oxide film 2. 
The silicon oxide film 3 is used as a mask when an impurity is ion implanted into the semiconductor 
substrate 1 in the next process. 

[0061] 

Next, as shown in Fig. 8, after forming a deep n-t3^e well 4 on the semiconductor substrate 1 in the 
memory cell array region, a shaUow p-type well 5 is formed on the semiconductor substrate 1 in the 
memory cell array region and a part of the peripheral circuit (n-channel type MISFET forming 
region), and a shaUow n-type well 6 is formed on the semiconductor substrate 1 in the other part of 
the peripheral circuit (p -channel type MISFET forming region). 

[0062] 

The deep n-type weU 4 is formed by ion-implanting the n-type impurity (phosphorus) to the 
semiconductor substrate 1 under a condition of acceleration energy 3000 keV and dose amount 
IxlO^Vcm^ masked with a photoresist film with a film thickness of about 5 jxm where an opening is 
installed in the memory cell array region. Also, the shallow p-type well 5 is formed by ion- 
implanting a p-type impurity (boron) to the semiconductor substrate 1 under a condition of 
acceleration energy 450 keV and dose amount IxlO^^/cm^, and acceleration energy 2000 keV and 
dose amount 3xl0i2/cm2 masked with a photoresist film with a film thickness of about 2.5 ^im where 
openings are installed in the memory cell array region and the n-channel type MISFET forming 
region. Moreover, the shallow n-type well 6 is formed by ion-implanting an n-type impurity 
(phosphorus) to the semiconductor substrate 1 under a condition of acceleration energy 1000 keV and 
dose amount 1.5xlO»Vcm2, acceleration energy 370 keV and dose amount 3xlO*Vcm2, and 
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acceleration energy 180 keV and dose amount IxlO^Vcm^ masked with a photoresist film with a film 
thickness of about 2.5 fjim where an opening is installed in the p-channel type MISFET forming 
region. 

[0063] 

Here, in the ion implantation process for forming the p-type well 5, an impurity (boron) for adjusting 
the threshold voltage (Vth) of the memory cell (MISFET Qm) and n channel type MISP^T Qn is ion 
injected at the same time (acceleration energy 50 keV, dose amount 1.2xl0^2/cni2). Also, in the ion 
implantation process for forming the n-type well 6, impurity (boron) for adjusting the threshold 
voltage (Vth) of the p-channel type MISFET Qp is ion injected at the same time (acceleration energy 
20 keV, dose amount 1.5xl0»2/cm2). 

[0064] 

Next, after removing the silicon oxide film 3 on the surfaces of the p*t3^e well 5 and the n-type well 6 
by wet etching, as shown in Fig. 9, the semiconductor substrate 1 is thermally oxidized at about 
750°C to form a silicon oxide film 7 with a film thickness of about 7 nm on the surfaces of the p-type 
weU 5 and the n-type weU 6, and further a silicon nitride film 8 with a film thickness of about 7 nm 
is accumulated on the top of the silicon oxide film 7 by the thermal CVD method at about 800*^0. 

[0065] 

Next, as shown in Fig. 10, the silicon nitride film 8 and a silicon oxide film 7 are patterned to leave 
these films only in the source forming region of the memory cell and its vicinity. Patterning of the 
silicon nitride film 8 is performed by dry etching masked with a photoresist film with a film 
thickness of about 1 ^m where openings are installed in the source forming region and its vicinity, 
and the patterning of the silioon oxide film 7 is performed by dry etching masked with the silicon 
nitride film 8 after removing the photoresist film by ashing. The widths of the two layers of 
insulation films (sOicon oxide film 7 and silicon nitride film 8) left in the source forming region and 
its vicinity are adjusted so that the length of the lower portion of the gate electrode 10a (length of the 
longest dimension of the gate) formed in a later process becomes about 20 nm ~ 200 nm. 

[0066] 

Next, as shown in Fig. 1 1, the semiconductor substrate 1 is thermally oxidized at about 800°C to 
form a silicon oxide film 9 with a film thickness of about 15 nm on the surfaces of the p-type well 5 
and the n-type well 6. At this time, because the silicon nitride film 8 in the memory cell array region 
is oxidized at the same time, a silicon oxide film 9 with a film thickness of about 2 nm is also formed 
on that surface. 

[0067] 

Next, as shown in Fig. 12, a gate electrode 10a of the memory ceU (MISFET Qm) is formed on the 
silicon oxide film 9 in the memory cell array region, and a gate electrode 10b of the p-channel type 
MISFET Qn and a gate electrode 10c of the n-channel type MSFET Qp are formed on the silicon 
oxide film 9 in the peripheral circuit region. The gate electrodes 10a, 10b, and 10c are formed by 
accumulating a polycrystalline silioon film with a film thickness of about 100 nm and phosphorus 
concentration of about 2xl02o/cm3 and a W silicide film with a film thickness of about 50 nm by the 
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thermal CVD method at about SOO^C on the silicon oxide film 9, and then patterning these films by . 
dry etching masked with a photoresist film. 

[0068] ^ 

Next, as shown in Fig. 13, an n*-type semiconductor regions 11 with a low impurity concentration are 
formed on the p-type well 5 on both sides of each of the gate electrodes 10a and 10c and the n-type 
well 6 on both sides of the gate electrode 10b by ion -imp Ian ting n-type impurity (phosphorus) to the 
whole surface of the semiconductor substrate 1 under a condition of acceleration enei^ 40 keV and 
dose amount Ixl0^3/cm2 

[0069] 

Next, as shown in Fig. 14, an n*-type semiconductor region 13 comprising the drain of the memory 
cell is formed by ion-implanting an n*type impurity Arsenic) to the p'type weU 5 masked with a 
photoresist film with a film thickness of about 1 ^m where an opening is installed in the drain 
forming region of the memoiy cell under a condition of acceleration energy 50 keV and dose amount 
3xl0i5/cm2 

[0070] 

Next, as shown in Fig. 15, a p*-type semiconductor region 12 with a low impurity concentration is 
formed through compensating the n*-type semiconductor region 1 1 to the n-type well 6 on both sides 
of the gate electrode 10b by ion-implanting a p-type impurity (boron difluoride) to the n-type well 6 
masked with a photoresist film with a film thickness of about 1 \xm where an opening is installed in 
the p-channel type MISFET forming region under a condition of acceleration energy 50 keV and dose 
amount 2x10 i3/cm2. 

[0071] 

Next, as shown in Fig. 16, after accumulating a silicon oxide film (not shown in the figure) with a 
film thickness of about 200 nm on the semiconductor substrate 1 by the CVD method, a side wall 
spacer 16 of about 150 nm in width is formed on the side wall of each of the gate electrodes 10a, 10b, 
and 10c by etching anisotropically this silicon oxide film. At this time, the silicon oxide film 9 and 
the silicon nitride film 8 covering the source forming region of the memory cell are also etched. 

[0072] 

Next, as shown in Fig. 17, a p+-type semiconductor region 14 with a high impurity concentraton 
comprising the source and drain of the p-channel type MISFET is formed by ion-implanting a p-t)q}e 
impurity (boron difluoride) to the n-type well 6 masked with a photoresist film with a film thickness 
of about 1 \xm where an opening is installed in the p-channel type MISFIT forming region under a 
condition of acceleration energy 50 keV and dose amount SxlO^Vcm^, 

[0073] 

Subsequently, an n*-type semiconductor region 15 with a high impurity concentration comprising 
the source of the memory cell and an n*-type semiconductor region 15 with a high impurity 
concentration comprising the source and drain of the n -channel type MISFET are formed by ion- 
implanting an n-type impurity (arsenic) to the p-type well 5 masked with a photoresist film with a 
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film thickness of about 1 \xm where an opening is installed in the source forming region and the n- 
channel type MISFET. forming region of the memory cell under a condition of acceleration energy 50 
keV and dose amount 2xl0iB/cm2. Through the processes so fer, the memory cell (MISFET Qm) and 
MISFET of the peripheral circuit (n-channel type MISFET Qn and p-channel type MISFET Qp) are 
completed. 

[0074] 

Next, as shown in Fig. 18, after accumulating a silicon oxide film 17 with a film thickness of about 
500 nm on the semiconductor substrate 1 by the CVD method, contact holes 20, 21, and 22 are 
formed on the top of the drain of the memory ceU, the top of the source and drain of the n-channel 
type MISFET Qn, and the top of the source and drain of the p-channel type MISFET Qp, respectively, 
by dry-etching the silicon oxide film 17 masked with a photoresist film. 

[0075] 

After that, an Al alloy film with a film thickness of about 500 nm is accumulated on the silicon oxide 
film 17 including the interiors of the contact holes 20-22 by the sputtering method, and wirings 
23-27 are formed by patterning this Al alloy film by dry etching masked with a photoresist fiilm, 
almost completing a flash memory of this embodiment shown in the Fig. 2. 

[0076] 

Because the flash memory of this embodiment configured in the above way has its memory cell made 
of a single MISFET in the same way as in the conventional floating gate type memory cell. The 
writing/erasing operation can be performed relatively easfly, and it does not increase the necessary 
peripheral circuit area. Also, the manufisicturing process becomes simple. 

[0077] 

Because the flash memory of this embodiment does not use high -resistance wiring at the reading 
operation such as the conventional memory cell equipped with side wall gate electrodes, no 
degradation in the reading speed occurs. Also, because it adopts a scheme where the gate electrode 
and drain are charged with a positive voltage and hot electrons generated near the source are 
injected to electron traps in a silicon nitride film at the writing operation, injection efficiency is 
improved as the potential difference between the source at the ground level and the gate electrode 
becomes large, enabling a lower-voltage operation than in the conventional cell structure. 

[0078] 

In the flash memory of this embodiment, because the gate electrodes of the memory ceU cover the 
whole surface of the channel region, no parasitic resistance occurs immediately below the insulation 
film between the side wall gate electrode and the control gate electrode which is a problem in the 
conventional cell structure equipped with a side wall gate electrode, causing no decline in the drain 
current in the reading operation. 

[0079] 

In the flash memory manufacturing method of this embodiment, because the gate insulation Ghn 
(three layers of insulation films consisting of silicon oxide film 7, silicon nitride film 8, and silicon 
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oxide film 9) in the source side of the memory cell is formed self-aligned to the gate electrode, it can 
be designed with the equivalent cell area to the conventional floating gate type memory cell, 
realizing nonvolatile memory excellent in scalability. 

[0080] I 

(Embodiment 2) 

A flash memory manufacturing method of this embodiment is explained using Fig. 19 ~ Fig. 33 
(essential-section cross-sectional views of a semiconductor substrate each showing a part of the 
memory ceU array region and its neighboring peripheral circuit region). 

[0081] 

First of all, as shown in Fig. 19, after forming a field oxide film 2 on the surface of a semiconductor 
substrate 1 made of a p-type silicon single crystal, a silicon oxide film 3 is formed on the surface of an 
element forming region surrounded with the field oxide film 2. Subsequently, after forming a deep 
n-type well 4 on the semiconductor substrate 1 in the memory cell array region, a shallow p-type well 
5 is formed on the semiconductor substrate 1 in the memory cell array region and a part of the 
peripheral circuit (n-channel type MISFIT forming region), and a shallow n-type well 6 is formed on 
the semiconductor substrate 1 in the other part of the peripheral circuit (p'channel type MISFET 
forming region). The processes so far are the same as in the embodiment 1. 

[0082] 

Next, as shown in Fig. 20, the semiconductor substrate 1 is thermally oxidized at about 800**C to 
form a gate oxide film 30 with a film thickness of about 15 nm on the surfeces of the p-type well 5 
and the n-tj^e well 6, afterwards as shown in Fig. 21, a polycrystalline silicon film (not shown in the 
figure) with a film thickness of about 200 is accumulated on the semiconductor substrate 1 by the 
thermal CVD method at about GOO^'C, and afl;erwards this polycrystalline silicon fiilm 3 1 is dry- 
etched masked with a photoresist film, forming the gate electrode 31a of the memory cell and the 
gate electrodes 31b and 31c of the peripheral circuit. 

[0083] 

Next, as shown in Fig. 22, after accumulating a silicon nitride film 32 with a film thickness of about 
20 nmon the semiconductor substrate 1 including the top portions of the gate electrodes 31a, 31b, 
and 31c by the CVD method, a sflicon oxide film 33 with a film thickness of about 50 nm is 
accumulated on the top of the silicon nitride film 32 by the CVD method. 

[0084] 

Next, as shown in Fig. 23, a silicon oxide film 33 is wet-etched masked with a photoresist film with a 
film thickness of about 1 pun where openings are installed in the source forming region of the 
memory cell and its vicinity. Subsequently the photoresist film is removed by ashing, and 
afterwards the silicon nitride film 32 covering the source forming region of the memory cell and the 
gate electrode 31a in its vicinity is removed by wet-etching the silicon nitride film 32 masked with 
the silicon oxide film 33. 

[0085] 



20 



Patent 2978477 



Next, as shown in Fig. 24, the gate oxide film covering the source forming region of the memory cell 
is removed by wet-etching masked with the silicon nitride film 32. At this time, the gate oxide fiJm 
30 in the lower part of the gate electrode 31, a pattern -formed next to the source forming region is 
also etched, and a part of it is undercut over about 70 nm in width firom its edge. 

[0086] 

Next, as shown in Fig. 25, the semiconductor substrate 1 is thermally oxidized at about 750°C to 
form a silicon oxide film 34 with film thickness of about 5 nm on the source forming region of the 
memory cell and the surface of the p-type well 5 exposed in the vicinity. At this time, the gate 
electrode 31a exposed in the vicinity of the source forming region of the memory ceU, is also oxidized 
at the same time, forming a silicon oxide film 35 with film thickness of about 5 nm on its surface. 

[0087] 

Next, as shown in Fig. 26, a silicon nitride film 36 with film thickness of about 10 nm is accumulated 
on the semiconductor substrate 1 by the CVD method. By this, three layers of gate insulation film 
consisting of the silicon oxide film 34, silicon nitride film 36, and silicon oxide film 35 are formed in 
the source forming region side in the lower part of the gate electrode 10a. 

[0088] 

Next, as shown in Fig. 27, the n'-type semiconductor regions 37 with a low impurity concentration 
are formed on the p-type well 5 on both sides of each of the gate electrodes 10a and 10c and the n- 
type well 6 on both sides of the gate electrode 10b by ion-implanting a n-type impurity (phosphorus) 
to the whole surfece of the semiconductor substrate 1 under a condition of acceleration energy 40 
keV and dose amount IxlO^^/cm^. 

[0089] 

Next, as shown in Fig. 28, an n+-type semiconductor region 39 comprising the drain of the memory 
cell is formed by ion-implanting a n-t)^e impurity (arsenic) to the p-type well 5 masked with a 
photoresist film with a film thickness of about 1 ^im where an opening is installed in the drain 
forming region of the memory cell under a condition of acceleration energy 50 keV and dose amount 
3xl0i5/cm2 

[0090] 

Next, as shown in Fig. 29, a p -type semiconductor region 38 with a low impurity concentration is 
formed through compensating the n*-type semiconductor region 37 to the n-type weU 6 on both sides 
of the gate electrode 31b by ion -imp Ian ting a p-type impurity (boron difiuoride) to the n-type well 6 
masked with a photoresist film with a film thickness of about 1 |xm where an opening is installed in 
the p-channel type MISFET forming region under a condition of acceleration energy 50 keV and dose 
amount 2xl0iVcm2. 

[0091] 

Next, as shown in Fig. 30, after accumulating a silicon oxide film with a film thickness of about 200 
nm on the semiconductor substrate 1 by the CVD method, a side wall spacer 42 of about 150 nm in 



21 



Patent 2978477 



width is formed on side wall of each of the gate electrodes 31a, 31b, and 31c by etching 
anisotropically this silicon oxide film. At this time, the silicon oxide film 35 and the silicon nitride 
film 36 covering the upper parts of the gate electrodes 31a, 31b, and 31c are also etched at the same 
time, exposing the sur&ices of the gate electrodes 31a, 31b, and 31c. 

[0092] 

Next, as shown in Fig. 31, a p+-type semiconductor region 40 with a high impurity concentration 
comprising the source and drain of the p-channel type MISFET is formed by ion -imp Ian ting a p-type 
impurity (boron difluoride) to the n-type well 6 masked with a photoresist film with a film thickness 
of about 1 ^m where an opening is installed in the p-channel type MISFET forming region under a 
condition of acceleration energy 50 keV and dose amount 3x lO^Vcm^. 

[0093] 

Subsequently, an n'^'type semiconductor region 41 with a high impurity concentration comprising 
the source of the memory cell and an n'*^-type semiconductor region 41 with a high impurity 
concentration comprising the source and drain of the n-channel tj^e MISFET are formed by an ion- 
implanting n-tjT^e impurity (arsenic) to the p-type weU 5 masked with a photoresist film with a film 
thickness of about 1 ^m where an opening is installed in the source forming region and the n- 
channel type MISFET forming region of the memory cell under a condition of acceleration energy 50 
keV and dose amount 2xl0*%m2. Through the processes so far, the memory cell (MISITET Qm) and 
MISFET of the peripheral circuit (n channel type MISFET Qn and p-channel type MISFET Qp) are 
completed. 

[0094] 

Next, after removing he silicon oxide film 34 covering the sur&ces of the source and drain of the 
MISFET by etching the surface of the semiconductor substrate 1, as shown in Fig, 32, silicide layers 
43 of low resistance are formed on the surfaces of the gate electrodes 31a, 31b, and 31c and the 
source and drain (n'^-type semiconductor region 39, p^-type semiconductor region 40, and n+-type 
semiconductor region 41). The silicide layer 43 is formed, for example, by accumulating a high 
melting point metal film such as Co (cobalt) film and Ti (cobalt) film by the sputtering method, next 
thermally processing the semiconductor substrate 1 to react the high melting point metal film with 
the substrate (Si) and the gate electrodes (31a~31c) forming a Co silicide layer, and removing the 
unreacted high melting point metal film by wet etching. 

[0095] 

Next, as shown in Fig. 33, in the same way as in embodiment 1, after forming contact holes 45, 46, 
and 47 on a silicon oxide film 44 accumulated on the semiconductor substrate 1, wirings 48~52 are 
formed on the top of the silicon oxide film 44, almost completing the flash memory of this 
embodiment 2. 

[0096] 

Figure 34 is a table listing the photomasks used in the manu&cturing method. Among the thirteen 
photomasks used in the metal manufacturing process, the photomasks proper to manufacture 
memoiy cell are two pieces of one (No. 6) for processing silicon nitride film and another (No. 7) for 
drain formation, being very simplified. 
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[0097] 

Also, the writing/erasing operation property and retention property of the flash memory 
manufactured in the method were in the same degrees with those of the flash memory of the 
embodiment 1.. 

[0098] 

(Embodiment 3) 

Figure 35 is an essential- section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 

[0099] 

While the drain-side gate insulation film is composed of one layer of silicon oxide film 9 in the 
memory cell (MISITET Qm) of embodiment 1, in this embodiment the drain-side gate insulation film 
is composed of two layers of the silicon oxide film 9 and siUcon oxide film 60 formed underneath. 
Also, the electric capacity film thickness of the drain-side gate insulation film consisting of these two 
layers of silicon oxide film 9 and 60 is approximately equal to the electric capacity film thickness of 
the source-side gate insulation film composed of the silicon oxide film 7 and 9 and a silicon nitride 
film 8 sandwiched between them. Namely, the gate insulation film of this memory cell consists of 
almost the same electric capacity film thickness (about 17.5 nm for example) in the drain side and 
source side. 

[0100] 

The configuration and program operation of the memory cell of this embodiment, except as described 
above, are the same as those of the memory cell of embodiment 1. Also, the memory cell 
manufacturing method of this embodiment is the same as the manufacturing method in embodiment 
1; except that one process increases, where the silicon oxide film 60 is formed by thermally 
processing the semiconductor substrate 1. 

[0101] 

According to the flash memory of this embodiment, by setting the electric capacity film thickness of 
the gate insulation £Um about the same over the entire lower part of the gate electrode 10a, even 
when the length of the source-side gate insulation film (silicon oxide film 9, silicon nitride film 8, and 
silicon oxide 7) along the gate length direction varies due to a variation in the manufecturing process, 
the drain current driving capability will not change. By this, because the drain current at the 
writing operation becomes constant, a variation of writing time is prevented, and a stable memory 
ceU property becomes possible. 

[0102] 

(Embodiment 4) 

Figure 36 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 
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[0103] 

While only the source-side gate insulation film is composed of a three-layer film (silicon oxide film 9, 
silicon nitride film 8, and silicon oxide film 7), in this embodiment the whole drain-side gate 
insulation film in the lower part of the gate electrode 10a is composed of the three-layer fQm (silicon 
oxide film 9, silicon nitride film 8, and silicon oxide film 7). The film thickness of these three layers 
total about 7 nm. 

[0104] 

The configuration and program operation of the memory cell of this embodiment other than those 
differences described above are the same as the memory cell of embodiment 1. Also, the memory cell 
manufacturing method of this embodiment is the same as the manufacturing method described in 
embodiment 1, except that one process is omitted where the silicon oxide film 7 and silicon nitride 
film 8 are patterned to leave them only in the source side. This memory cell was written at 1 \Jsec. 

[0105] 

(Embodiment 5) 

Figure 37 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 

[0106] 

This flash memory cell is composed with the MISFET Qc which is a memory element section and the 
selection MISFET Qs. The MISFET Qc in the memory element section mainly consists of a 
writing/erasing gate electrode (PEG) 73 made of a p oly cry s talkie silicon film formed on a gate 
insulation film with three-layer structure consisting of a bottom gate oxide film 70 with a film 
thickness of about 8 nm, a silicon nitride film 71 with a film thickness of about 10 nm, and a top gate 
oxide film 72 with a film thickness of about 10 nm, etc. and a source and a drain (connecting 
diflusion layer) formed on a semiconductor substrate 1 on both sides of this gate electrode 73. 

[0107] 

The source consists of an n -type semiconductor region 74 with a low impurity concentration whose 
one end extends to the bottom of the gate electrode 73 and an n'*'-type semiconductor region with a 
high impurity concentration formed so that it is offset relative to the gate electrode 73, and the drain 
(connecting diffusion layer) consists of an n-'-type semiconductor region 76 whose one end extends to 
the bottom of the gate electrode 73. 

[0108] 

Also, the selection MISFET Qs mainly consists of a selection gate electrode (SG) 78 made of a 
poly crystalline silicon film etc. formed on the top of the gate oxide film 77 with a film thickness of 
about 4 nm, a source (connecting diffusion layer) and a drain formed on the semiconductor substrate 
1 on both sides of this gate electrode 78, The drain consists of an n -type semiconductor region 79 
with a high impurity concentration whose one end extends to the bottom of the gate electrode 78. 
The source consists of an n*-type semiconductor region 76 which is the drain of the MISFET Qc, and 
its one end extends to the bottom of the gate electrode 78. 
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[0109] 

The program operations of the flash memory is explained using Fig. 38 (a memory cell operation 
voltage table). Writing is performed by charging the drain of the selection MISFET Qs with 5 V, the 
gate electrode 78 with 2 V, turning the selection MISFET Qs on, charging the gate electrode 73 with 
5 V with the source of the MISFET Qc of the memory element section as the ground level (O V), and a 
peak in the electric field intensity is generated near an n -type semiconductor region 74 with a low 
impurity concentration comprising a part of the source. By this, hot electrons generated in this 
region are injected to the electron traps inside the silicon nitride film 71, the threshold voltage seen 
from the gate electrode 73 of the MISFET Qc rises to 4 V or higher, and writing is performed. 
Because this memory cell can control the drain current with the voltage charged to the gate electrode 
73, compared with the conventional MNOS-type memory cell where electrons are injected to the 
whole surface of a silicon nitride film firom the substrate side via a direct tunnel oxide film by 
controlling the potential of the substrate and writing/erasing gate electrode, writing can be 
performed with lower electric power consumption. 

[0110] 

The erasing operation is performed by charging the gate electrode 73 of the MISFET Qc with -10 V 
and the source and well with 5 V, and ejecting electrons inside the silicon nitride film 71. Also, the 
writing operation is performed by charging the drain gate electrode 73 of the selection MISFET Qs 
and the gate electrode 73 of the MISFET Qc with 2 V, and judging the threshold voltage of the 
MISFET Qc. 

[0111] 

(Embodiment 6) 

Figure 39 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 

[0112] 

The MISFET comprising this memory cell mainly consists of a gate electrode 83 made of a 
poly crystalline silicon film etc. formed on a gate insulation film, and a source and a drain formed on 
a semiconductor substrate 1 on both sides of this gate electrode 83, The source consists of an n'^-type 
semiconductor region 84 with a high impurity concentration whose one end extends to the lower part 
of the gate electrode 83, and the drain consists of a p -type semiconductor region 85 with a low 
impurity concentration (about Ix 10*^—1 O^^/cm^) whose one end extends to the lower part of the gate 
electrode 83 and an n*-type semiconductor region 86 with a high impurity concentration formed 
offset relative to the gate electrode 83. Also, in the gate insulation film, while the source side 
consists of a gate oxide 82 with a film thickness of about 10 nm, the drain size consists of a bottom 
gate oxide film 80 with a film thickness of about 8 nm, a silicon nitride film 81 with a film thickness 
of about 10 nm, and a top gate oxide film 82 with a film thickness of about 10 nm. In this way, the 
memory cell of this embodiment has a characteristic in that it performs the injection of hot electrons 
at the time of writing in the drain side. 

[0113] 
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As shown in Fig. 40, the writing and erasing operations of this flash memory are the same as in the 
memory cell of embodiment 1. On the other hand, writing is performed by charging each of the gate 
electrode 83 and the source with a positive voltage of 5 V with the drain of the selected memory cell 
as the ground level (O V). ^ 

[0114] 1 

Figure 41 is a plot showing time change of the voltage charged to each terminal at the writing 
operation. Writing is performed by pre-charging all the bit lines to 5 V after charging the common 
source line of the selected memory block with 5 V. Next, after raising the potential of only the 
selected word line to 5 V, only the selected bit line is lowered to 0 V. This time for lowering it to 0 V 
is the writing time, and a channel current flows from the source to drain direction of the memory cell 
within this time. At this time, as shown in Fig. 42, because most of the potential levels set to 5 V in 
the source side and 0 V in the drain side drop in the low concentration drain (p -type semiconductor 
region 85) region, a peak of the electric field intensity occurs at the edge of the drain. Then, hot 
electrons generated by this high electric field are accelerated by the transverse direction electric field 
of 5 V charged to the selected word line and injected to the electron traps inside the silicon nitride 
film 81, thus performing writing. 

[0115] 

(Embodiment 7) 

Figure 43 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 

[0116] 

This memory cell performs the injection of hot electrons at the writing time in the drain side and has 
the same cell structure as embodiment 6 except that the source consists of an n -type semiconductor 
region 87 with a low impurity concentration whose one end extends to the lower part of the gate 
electrode 83 and ah n+-type semiconductor region 84 with a high impurity concentration formed 
offset relative to the gate electrode 83. 

[0117] 

Writing is started by pre-charging all the bit lines to 5 V after charging the common source line of 
the selected memory block to 5 V in the same way as embodiment 6. By the way, if this 5 V power 
supply for writing is an internal power supply such as a booster circuit formed on a chip, because the 
power supply capability is limited, there occurs a problem that charging to a large enough voltage 
becomes impossible if there is a large connection leak of the current of the common source line to be 
charged. In this embodiment, by forming an n -type semiconductor region 87 with a low impurity 
concentration in the source side, because the electric field of the source connection is moderated 
when charging the source at the writing time. The problem can be avoided by attempting a 
reduction of the leak current and an improvement of the connection voltage resistance of the source 
connection. 

[0118] 

(Embodiment 8) 
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Figure 44 is an outline plan showing the cell structure of a flash memory of this embodiment, and 
Fig. 45 is a essential- section cross- sectional view of the semiconductor substrate along the A* A' line 
in Fig. 44. 

[0119] 

In the MISFET Qm comprising the memory cell of this embodiment, in the same way as embodiment 
1, the source-side gate insulation film consists of a three-layer film (silicon oxide film 9, silicon 
nitride film 8, and silicon oxide film 7), and the drain side consists of a one layer of silioon oxide film 
9. On the other hand, the bit lines DL and the drain (n*-type semiconductor region 92) are 
electrically connected via a plug 98 formed on the upper part of the drain. Also, the sources (n+-tjrpe 
semiconductor region 92) of a plurality of memory cells along the extending direction of the gate 
electrode 90 are electrically connected via the source lines (SL) consisting of plug 98 formed on their 
top. 

[0120] 

In order to manufacture the memory cell, first as shown in Fig. 46, after a deep n-type well 4 and a 
shallow p-t3^e well 5 are formed on a p-type semiconductor substrate 1 by the same method as in 
embodiment 1, a gate insulation film whose source side consists of a three-layer film (silicon oxide 
film 9, silicon nitride film 8, and silicon oxide film 7) and drain side consists of one layer of silicon 
oxide film 9 is formed on the surface of the p-type well 5. 

[0121] 

The silicon oxide film 7 is formed by thermally oxidizing the semiconductor substrate 1 at about 
800**C, and its film thickness is set to about 11 nm. Also, the silicon nitride film 8 is formed by the 
thermal CVD method at about 730*'C, and its film thickness is set to about 10 nm. Moreover, the 
silicon oxide film 9 is formed by patterning the silicon nitride film 8 and silicon oxide film 7 to leave 
these films only on the source forming region of the memory cell and its vicinity, and then thermally 
oxidizing the semiconductor substrate 1 at about 800*^0, and its film thickness is set to about 15 nm. 

[0122] 

Next, as shown in Fig. 47, a polycrystalline silicon film with a film thickness of about 100 nm and 
phosphorus concentration of about 2xl02o/cm3 is accumulated on the top of the silicon oxide film 9 by 
the CVD method, and next after accumulating a silicon nitride film 93 with a film thickness of about 
200 nm on the top by the CVD method, these films are patterned by dry etching masked with a 
photoresist film, forming a gate electrode 90 consisting of the polyciystalline silicon film. 

[0123] 

Next, as shown in Fig. 48, a p -type semiconductor region 91 is formed by ion-implanting a p-type 
impurity (boron) to the p-type well 5 fix)m an obhque 30** angle masked with a photoresist film where 
an opening is installed in the source forming region under a condition of acceleration energy 20 keV 
and dose amount Ixl0i3/cm2, Subsequently, an n-f -t5^e semiconductor region 92 comprising the 
source and drain is formed on the p-type well 5 on both sides of the gate electrode 90 by an ion- 
implanting n-type impurity (arsenic) to the whole surface of the memory cell array region under a 
condition of acceleration energy 50 keV and dose amount 2xl0i^/cm2. 
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[0124] 

Next, as shown in Fig. 49, after accumulating a silicon nitride film on the semiconductor substrate 1 
by the CVD method, by anisotropically etching this silicon nlitride film, a side wall spacer 94 is 
formed on the side waU of the gate electrode 90. At this time, the gate insulation film covering the 
surfaces of the source and drain is etched at the same time. 

[0125] 

Next, as shown in Fig. 50, after accumulating a silicon oxide film 95 on the semiconductor substrate 
1 by the CVD method, by etching this silicon oxide film 95 masked with a photoresist film where an 
opening is installed on the upper part of the drain, a contact hole 96 is formed in the source line 
forming region including the upper part of the source, and a contact hole 97 is formed on the upper 
part of the drain. 

[0126] 

In the process of etching the silicon oxide film 95, because the side waU spacer 94 of silicon nitride 
formed on the side wall, the gate electrode 90 functions as an etching stopper, the contact holes 96 
and 97 are formed self-ahgned to the space of the gate electrode 90. By this, because the fitting 
allowance between the contact holes 96 and 97 and the gate electrode 90 becomes unnecessary, the 
space of the gate electrode 90 can be designed in the minimum processing size. 

[0127] 

Next, as shown in Fig, 91, source lines (SL) are formed inside the contact hole 96, and a plug 98 is 
formed inside the contact hole 97. The source lines (SL) and the plug 98 are formed by accumulating 
a polycrystaUine silicon film doped with an n-t3^e impurity on the top of the silicon oxide film 95 by 
the CVD method and then flattening the surface of this polyciystalUne silicon film by the chemical- 
mechanical polishing (CMP) method. 

[0128] 

Subsequently, after accumulating a silicon oxide film 99 on the top of the silicon oxide film 95 by the 
CVD method, an AI alloy film is accumulated on the top of the silicon oxide film 99 by the sputtering 
method, and by patterning this Al alloy film by dry etching masked with a photoresist film to form 
bit lines DL, the flash memory of this embodiment shown in the Fig. 44 and Fig. 45 is almost 
completed. 

[0129] 

According to this embodiment, because the space of the gate electrode 90 can be designed with the 
minimum processing size, the cell area could be reduced to 0.5 ^m x 0.4 ^m = 0.2 ^xm^ at the gate 
length of 0.3 ^m. Also, writing time of the memory cell was 5 microseconds and the erasing time was 
10 milliseconds, confirming enough stable retention property similar to the embodiment 1. 

[0130] 
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Above, although the invention made by the present inventors was explained concretely based on the 
embodiments, this invention is not limited to the embodiments but can be changed in various ways 
within the range not deviating &om its essence. 

[0131] 

Because the nonvolatile memoiy of this invention has a simple cell structure and a simple 
manufacturing process, application to LSIs where nonvolatile memory and logic LSI are mounted on 
the same semiconductor substrate is also easy. 

[0132] 

[Efficacy of the Invention] 

Among the inventions disclosed in this application, the effects obtained by the representative ones 
are simply explained below. 

[0133] 

In the. nonvolatile memory of this invention, because the memory cell consists of a single MISFET, 
writing/erasing operation can be performed relatively easily, not increasing the necessary peripheral 
circuit airea. Also, its manu&icturing process is simple. 

[0134] 

Because the nonvolatile memoiy of this invention adopts a scheme where a positive voltage is 
charged to the gate electrode and drain at the writing operation and hot electrons generated near the 
source are injected to the electron traps inside the silicon nitride film, the potential difference 
between the source at the ground level and the gate electrode becomes large, improving the injection 
efficiency and enabling operation at a lower voltage compared with the conventional cell structure. 

[0135] 

In the nonvolatile memory manufacturing method of this invention, because the source-side gate 
insulation film (a three-layer insulation film consisting of silicon oxide film, silioon nitride film, and 
silicon oxide film) of the memory cell is formed self-aligned to the gate electrode, it can be designed to 
have the equivalent cell area to the conventional floating gate type memory cell, realizing nonvolatile 
memory exceUent in scalability. 

[Brief Explanation of the Drawings] 
[Fig. 1] 

An outline circuit diagram showing the main section of the flash memory which is embodiment 1 of 
this invention. 

[Fig. 2] 
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A cross-sectional view showing the essential section of the flash memory which is embodiment 1 of 
this invention. 

[Fig. 3A] I 

A plan view showing the conductive layer pattern of the flash memory which is embodiment 1 of this 
invention. 

[Fig. 3B] 

A plan view showing the conductive layer pattern of the flash memory which is embodiment 1 of this 
invention. 

[Fig. 4] 

An outline cross- sectional view explaining the program operation of the flash memozy which is 
embodiment 1 of this invention. 

[Fig. 5] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 1 of this invention. 

[Fig. 6] , 

A plot showing the potential distribution and electric field intensity distribution in the channel 
region in the writing operation of the flash memoiy which is embodiment 1 of this invention. 

[Fig. 71 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 8] 

An essential- section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 1 of this invention. 

[Fig. 9] 

An essential-section cross-sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 1 of this invention. 

[Fig. 10] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 11] 
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An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 12] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 13] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 14] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 15] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 16] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 17] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 18] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 19] 

An essential- section cross- sectional view showing the manufacturing method of the flash ihemoiy 
which is embodiment 2 of this invention. 

[Fig. 20] 

An essential- section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 21] 
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An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 22] 

An essential- section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 23] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 24] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 25] 

An essential" section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 26] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 27] 

An essential- section cross-sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 28] 

An essential- section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 29] 

An essential-section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 30] 

An essential- section cross-sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 2 of this invention. 

[Fig. 31] 
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An essential-section cross- sectional view showing the maniifacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig, 32] ^ 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 33] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 34] 

A flow chart showing the manufacturing, method of the flash memoiy which is embodiment 2 of this 
invention. 

[Fig. 35] 

An outline cross-sectional view of the flash memory which is embodiment 3 of this invention. 
[Fig. 36] 

An outline cross-sectional view of the flash memory which is embodiment 4 of this invention. 
[Fig. 37] 

An outline cross-sectional view of the flash memory which is embodiment 5 of this invention. 
[Fig. 38] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 5 of this invention. 

[Fig. 39] 

An outline cross-sectional view of the flash memory which is embodiment 6 of this invention. 
[Fig. 40] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 6 of this invention. 

[Fig. 41] 

A plot showing the time change of charged voltage in the writing operation of the flash memoiy 
which is embodiment 6 of this invention. 

[Fig. 42] 
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A plot showing the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the flash memory which is embodiment 6 of this invention. 

[Fig. 43] 

An outline cross-sectional view of the flash memory which is embodiment 7 of this invention. 
[Fig. 44] 

An essential- section cross-sectional view showing the cell structure of the flash memory which is 
embodiment 8 of this invention. 

[Fig. 45] 

An essential-section cross-sectional view of the semiconductor substrate along the A- A' line in Fig. 44. 
[Fig. 46] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 47] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 48] 

An essential- section cross -sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 49] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 50] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 51] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 52] 

An outline cross-sectional view showing the cell structure of a floating gate type memoiy cell. 
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[Fig. 53] 

An outline cross-sectional view showing the cell structure of an MNOS-t)rpe memory cell. 
[Fig. 54] ; 

An outline cross-sectional view showing the cell structure of a, memory cell having a selection gate 
electrode and a side wall gate electrode. 

[Fig. 55] 

A plot showing the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the flash memoiy shown in Fig. 54. 



[Explanation of the Codes] 

1^ Semiconductor substrate 

2- Field oxide film 

3* Silicon oxide film 

4- ' (Deep) n-type well 

5* p-type well 

6- n-type well 

7' Silicon oxide film 

8- Silicon nitride film 

9* Silicon oxide film 

10a, 10b, 10c' Gate electrodes 

1 1 - n -t)^e semiconductor region 

12* p -t3qie semiconductor region 

13: n"*- type semiconductor region 

14^ p*- type semiconductor region 

15^ n*- type semiconductor region 

16 : Side waU spacer 

17 : Silicon oxide film 

20'-22: Contact holes 

23-27: Wirings 

30: Gate oxide film 

31a, 31b, 31c: Gate electrodes 

32: Silicon nitride film 

33: Silicon oxide film 

34: Silicon oxide film 

35: Silicon oxide film 

36: Silicon nitride film 

37: n -type semiconductor region 

38: p -type semiconductor region 

39: n+-t5^e semiconductor region 

40: p+-type semiconductor region 

41: n'*'-type semiconductor region 

42: Side waU spacer 



35 



Patent 2978477 



43: Silicide film 

44: Silicon oxide film 

45~47: Contact holes . 

48-52: Wiring 60 Silicon oxide film 

70: Bottom gate oxide film 

7 1 : Silicon nitride film 

12' Top gate oxide film 

73: Gate electrode 

74: n'-type semiconductor region 

75: n"*"- type semiconductor region 

76: n+-type semiconductor region 

77: Gate oxide film 

78: Gate electrode 

79: n"^- type semiconductor region 

80: Bottom gate oxide film 

81: Silicon nitride film 

82: (Top) Gate oxide film 

83: Gate electrode 

84: n'-type semiconductor region 

85: p -type semiconductor region 

86: n+-type semiconductor iregion 

87: n'-type semiconductor region 

90: Gate electrode 

91: p - type semiconductor region 

92: n+-type semiconductor region (source, drain) 

93: Silicon nitride film (cap) 

94: Side wall spacer 

95: Silicon oxide film 

96, 97: Contact holes 

98: Plug 

99: Silicon oxide film 

101: Silicon substrate 

102: Gate oxide film 

103: Floating gate 

104: Interlayer insulation film 

105: Control gate 

106: Source 

107: Drain 

108: Electron 

111: Silicon substrate 

112: Direct tunnel oxide film 

113: Silicon nitride film 

114: Gate oxide film 

115a, 115b: Gate electrode 

116: Source 

117: Connecting diffusion layer drain 

118: Gate oxide film 

119: Drain 

121: Silicon substrate 

122: Gate oxide film 
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123' Selection gate electrode 
124- Silicon oxide film 
125^ Silicon nitride film 
126- Silicon oxide film 

127^ Side wall gate electrode \ 
128' Source ; 
129: Drain 

CSL* Common source line 

DL (DLl-DLn): Bit Unes 

MA: Memory cell array 

M (Ml 1--Mnm): Memory cells 

Qc: MISFET 

Qm: MISFET 

Qs: Selection MISFET 

SL (SLl'-SLm/2): Source Unes 

SA: Sense amplifier 

WL (WLl~WLm): Woixl lines 

X-DEC: Low decoder 

Y-DEC: Column decoder 

[Abstract] 

[Objective] 

The objective of this invention is to provide a nonvolatile memory equipped with a new cell structure 
having both scalability comparable to the floating gate type memory cell and reliability equivalent to 
or higher than the MNOS-type memory cell and its manufacturing method. 

[Resolution Means] 

The MISFET Qm comprising nonvolatile memory consists of a gate electrode 10a formed on the gate 
insulation film, an n'^-type semiconductor region 13 (drain) whose one end extends to the bottom of a 
gate electrode 10a, an n+-type semiconductor region 15 (high concentration source) formed offset 
relative to the gate electrode 10a, and an n— type semiconductor region 11 (low concentration source) 
whose one end extends to the bottom of the gate electrode 10a. In the gate insulation film, the drain 
side consists of one layer of silicon oxide film 9, the source side consists of three layers of insulation 
films where a sOicon oxide film 7, a silicon nitride film 8, and a silicon oxide film 9 are accumulated. 



[Fig. 5] 
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[Fig. 34] 

1. Isolation formation 

2. Deep n-type well implantation 

3. Shallow n-type weU implantation 
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4. p-type well implantation 

5. Gate electrode processing 

8. Peripheral pMOS low concentration source & drain implantation 

9. n*-t3^e semiconductor region implantation 
10. 
11. 
12. 



p^-type semiconductor region implantation 
Contact hole opening 
First metal wiring processing 



[Fig. 38] 
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[Fig. 40] 
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[Fig. 6] 
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